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GENERAL INTRODUCTION 
Astrovirus has been described as single-stranded, non-
enveloped RNA virus in man and lambs.Astrovirus virions 
are 28 to 30 nm in diameter with an ultrastructural star-like 
morphology. However, only 10 to 20% of the astrovirus 
particles have the characteristic 5- or 6- pointed white star 
configuration superimposed on the particle surface when 
negatively stained. 
Astrovirus was first reported in association with 
gastroenteritis in human infants.Subsequently, it has 
been identified in lambs,*3 calves,** turkeys,2* dogs,*® deer,*® 
pigs,® cats,^^'^® and mice.^® The virus in turkeys has been 
incriminated with other enteric viruses as possible causative 
agents of turkey viral enteritis. Other viruses identified in 
association with this syndrome include reoviruses, 
adenoviruses, coronaviruses, 3 groups of rotaviruses, 
enteroviruses, parvoviruses, and pseudopicornaviruses.^'^®'*® 
The respective roles of all of these viruses in the 
pathogenesis of turkey viral enteritis, either individually or 
in various combinations, remains to be fully explained. 
Turkey viral enteritis is typically a disease of high 
morbidity and low mortality, however mortality varies, 
depending on concomitant health status and environmental 
conditions affecting the poults. The most common clinical 
signs are diarrhea and stunting. Necropsy findings include 
distension of gastrointestinal tract with gas and fluid and 
dilatation of ceca with yellow frothy feces. 
There is a high and widespread prevalence of astroviral 
infection across the USA in turkey flocks (1-5 weeks of age) 
with enteric disease.Recent studies of the 
aforementioned enteric viruses in healthy poults and poults 
with diarrhea of undetermined etiology indicate that single 
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virus isolations are infrequent.^® However, astrovirus-only 
infections are the most frequent single-virus infection in 
diseased flocks. Furthermore, astrovirus and rotavirus-like 
virus (rotavirus group D) are the most frequently identified 
combination of viruses in diseased flocks from 1-2 weeks to 3-
4 weeks of age. Finally, astroviral infections appear to 
occur at an earlier age than the other viral infections. 
Few studies relating to the pathogenicity of astrovirus in 
animals have been reported. Astrovirus in lambs appears to 
replicate within the mature villous epithelium and 
subepithelial macrophages of the small intestine.In a 
study of small viruses causing acute enteritis in calves, 
astrovirus alone failed to produce diarrhea although infection 
was verified.** Astrovirus in combination with rotavirus or 
breda virus however produces severe watery diarrhea in 
gnotobiotic calves.The dome epithelial cells of the ileum 
over Peyer's patches and occasionally enterocytes in the base 
of adjacent villi, are the sites of astroviral infection in 
calves infected only with astrovirus.®^ 
To date, documentation of enteritis associated with 
astrovirus infections in turkey poults consists of nonspecific 
gross pathological findings, and significant decreases in both 
weight gain and intestinal d-xylose absorption.^® There are 
no reports of concomitant histologic, morphometric or 
ultrastructural changes in astrovirus infected poults. 
Measuring intestinal mucosal disaccharidase levels is useful 
in documenting maldigestion. Complete digestion of oligo- and 
disaccharides is primarily dependent on the membrane-bound 
disaccharidases located on the microvilli of enterocytes.4° 
Maldigestion occurs in gnotobiotic lambs experimentally 
infected with astrovirus as evidenced by decreased lactase 
levels.*2 Hatchling poults normally experience a period of 
maldigestion of fats, proteins and carbohydrates and 
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malabsorption of nutrients within the first 3 to 6 days after 
hatch.32 Accordingly, the importance of identifying enteric 
pathogens which augment the innate dysfunction of small 
intestinal digestion and absorption in the hatchling turkey 
becomes readily apparent. Natural astroviral infections, as 
previously mentioned, are characterized by diarrhea and high 
morbidity with resultant stunting or decreased weight gain. 
The role astrovirus plays in the pathogenesis of the diarrheic 
condition and stunting is partially explained by concurrent 
malabsorption documented by Reynolds et al.^® The possibility 
of maldigestion occurring coincident to malabsorption in 
astrovirus infected poults remains unanswered. 
The characterization of most enteropathogenic viruses is 
typically based on their regional and intestinal cell tropism, 
specifically, whether the primary site of viral replication is 
in crypt or villous enterocytes or intestinal lymphoid 
cells.3* There are no definite explanations to account for 
specific intestinal cell tropism, but some possibilities have 
been proposed. These include the requirement for rapidly 
proliferating cells or the presence of cell receptors and 
various enzymes within the brush borders of the enzymatically 
mature villous epithelial cells. Cell surface molecules 
composed of complex glycoproteins have many functions and may 
serve as virus receptors.These carbohydrate moieties on 
the extracellular surface of integral membrane proteins 
comprise the cell's glycocalyx and are available for lectin 
binding. Lectin receptors are exclusively found on the outer 
surface of both intact cells and isolated membranes from 
animals.24 Lectins have been utilized extensively as 
histochemical probes to identify and characterize these 
macromolecules in Individual lectins have a 
high degree of specificity for certain carbohydrate moieties. 
Labeling lectins with various histochemical markers utilizes 
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the lectin's highly specific carbohydrate binding capacity to 
localize glycoconjugates in tissue sections.^ One specific 
application of lectins as histochemical probes is in the 
identification of cell differentiation and maturation. 
The intestinal epithelium is an ideal system for studying 
differentiative events because of the spatial segregation of 
the epithelial cells inherent in the crypt-villus unit.® 
Various studies have examined the differential binding of 
lectins in the intestinal tract in attempts to characterize 
the histochemical binding patterns. 
Reports of histochemical binding pattern of lectins in the 
small intestine of turkeys have not been investigated. 
Establishment of the presence of specific lectin binding sites 
may further indicate that cell receptors may be helpful in 
determining the specific regional and intestinal cell tropism 
of some enteric viruses. 
The objective of the first two parts of my research is to 
delineate the pathophysiology of astroviral infection in 
commercial turkey poults. The research presented in this 
dissertation addresses several unanswered questions pertaining 
to the role of astrovirus as an enteropathogen. (1) Can 
astroviral infection be induced in commercial turkeys under 
experimental conditions? (2) Does experimental astroviral 
infection produce histologic, morphometric or ultrastructural 
changes in the small intestine? (3) Does astrovirus have a 
specific regional or intestinal cell tropism? (4) Does 
astroviral infection cause maldigestion? 
The objectives of part III of this research are to determine 
the histochemical binding pattern of various lectins in the 
small intestine of turkey poults and document any variations 
associated with age of the bird or regional location. 
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Explanation of dissertation format 
This dissertation is presented in the alternate thesis 
format. It is composed of three manuscripts in the style of 
the journal, Veterinary Pathology. The manuscripts are 
preceded by a general introduction and are followed by a 
general discussion and summary and a literature cited section. 
The first two manuscripts are preceded by a literature review. 
An additional literature review precedes the third manuscript. 
The second literature review was included because the subject 
matter of the third manuscript deviates from the studies 
reported in parts I and II. Each respective manuscript 
includes a list of references. The literature cited section 
contains all references cited in the remainder of the 
dissertation. 
The Ph.D candidate, Mari L. Thouvenelle, was the principal 
investigator for each study. 
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LITERATURE REVIEW 
Historical 
Astrovirus was first identified by Madeley and Cosgrove, 
1975, in fecal specimens from cases of human infantile 
gastroenteritis.26,27 it has subsequently been identified in 
lambs,43 calves,49 turkeys,2* dogs,4® deer,4® pigs,® cats, 
and mice.i* 
Identification of Astrovirus 
Morphology 
Criteria for identification of astrovirus are based 
primarily on characteristics noted on examination of fecal 
specimens by direct (negative stain) electron microscopy. 
Astrovirus is typically described as a small, round virus, 28 
to 30 nm in diameter and only a small percentage of the 
virions have the star-shaped surface morphology from which it 
derives its name.A more detailed study of astrovirus noted 
that the virus is circular with a smooth, unbroken outer edge 
and occasional rod-like structures noted between the virus 
particles.3* The star-like virions have a 5 or 6 pointed star 
which covers most of the presenting surface. The center of 
the star is always electron lucent, suggesting a stain-
displacing apex while peripherally located triangular surface 
hollows are stain-filled and appear electron dense.3* 
other identification techniques 
Morphologic identification of astrovirus particles without 
the characteristic stellate appearance may be difficult. 
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Therefore, subsequent studies utilize various methods to 
verify the presence of astrovirus. These methods include 
cesium chloride (CsCl) isopyknic centrifugation, 
immunofluorescence (IF) and immune electron microscopy(lEM). 
The former technique separates viral particles by density 
while the latter two rely on immune complex formation. 
There are disadvantages associated with these techniques 
that must be considered. There is considerable overlap in 
densities of small round viruses which makes separation of the 
individual viruses by isopyknic centrifugation very difficult. 
The use of IF or IEM results in the formation of 
immunocomplexes between the virus particle and specific 
antibody which may interfere with distinctive capsid 
ultrastructural characteristics. 
Furthermore, difficulty in virus purification and adaptation 
to cell culture complicates the use of these identification 
methods. One problem which hinders purification of both 
human and ovine astroviruses is the tendency of virus 
particles to aggregate either to each other or with cell 
debris.IG Incubation of the ovine virus with mercaptoethanol 
plus sarcosyl prior to CsCl centrifugation facilitates partial 
disaggregation which then allows purification. Lack of a 
suitable cell line for virus propagation has been a major 
hurdle to overcome and persists as an obstacle for successful 
isolation from most species to date. Successful in vitro 
cultures of human astrovirus require the addition of trypsin 
to the culture medium.Adaptations of bovine astrovirus and 
more recently, feline astrovirus, to cell culture are also 
trypsin-dependent.4'is Attempts to isolate turkey astrovirus 
from cell culture or identify it by electron microscopy from 
cell lysates have been unsuccessful.^® 
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Virus physicochemical properties 
Despite these difficulties, the genomic structure and 
physicochemical properties in both fecal-derived and tissue 
culture-adapted viral specimens from a few species have been 
examined. Herring et al. delineated some of the biochemical 
properties of ovine astrovirus.^® The virus has a single-
stranded RNA genome with a short poly(A)tract which codes for 
2 major capsid polypeptides and has a sedimentation 
coefficient of 34S. The culture-adapted human virus also has 
a positive strand RNA genome, but in contrast to the ovine 
astrovirus, analysis by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis isolated 4 major polypeptides.Analysis 
of culture-adapted bovine virus verified the likelihood of a 
RNA genome and the lack of a lipid-containing envelope.* The 
physicochemical properties of porcine and bovine astrovirus 
are similar, but in contrast to both human and ovine 
astrovirus, porcine astrovirus contains 5 polypeptides. 
Virus classification 
The classification of astrovirus has been complicated. 
Complications arise primarily from the species-specific 
variation in the polypeptide composition of the viral capsid. 
Ovine astrovirus seems to fall in a classification between the 
families of Picornaviridae and Caliciviridae based on 
sedimentation and electrophoretic behavior.While 
polypeptide electrophoresis patterns of both the porcine and 
human virus appear to fall within Picornaviridae, with a close 
similarity, specifically to enteroviruses. Accordingly, Kurtz 
and Lee, 1987 consider human astrovirus to be a member of the 
family Picornaviridae.To date, avian astroviruses are not 
classified into a viral taxon. Current classification and 
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name is based solely on morphologic characteristics 
discernible by electron microscopy. 
Virus serotypes 
Comparative serologic evaluation of astrovirus from a 
variety of species has been done.®'^^'^^ Currently it appears 
that most astroviruses are species-specific and are not 
antigenically related to those found in other s pecies.One 
exception to the species specificity was noted in Australia 
when 2 strains of feline astrovirus reacted with serum from a 
human patient excreting virus particles similar to 
astrovirus.28 This result differs from others who compared 
feline astrovirus with human astrovirus by reciprocal IEM and 
no cross reactivity was observed.Nevertheless, 
astroviruses do not cross react with various other common 
enteric viruses, even when obtained from the same species. 
A common antigen was found by IF in 3 different isolates of 
bovine astrovirus. There was no cross neutralization between 
the individual viral isolates using isolate-specific 
antisera.si Most field isolates in the same study fall 
within the 3 defined serotypes however some are not 
neutralized by any of the 3 antisera utilized. These results 
indicate the existence of at least 3 distinct serotypes and 
implies the possible existence of multiple natural 
serotypes.51 
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Comparative clinical disease and etiologic significance 
Human 
Clinical disease associated with astrovirus is typically a 
mild gastroenteritis of children with a short incubation 
period and high morbidity, but low mortality rate. Originally 
astroviral infection was reported in association with 
outbreaks of infantile gastroenteritis.2? Stools examined 
by direct electron microscopy from hospitalized children aged 
2 years or less with gastroenteritis frequently contain large 
numbers of astrovirus either alone or in combination with 
other small round viruses (SRVs) or rotavirus.2? Kurtz et al, 
report similar results and additionally that they detected no 
viruses in asymptomatic children.2% The predominant clinical 
sign in children is watery diarrhea lasting two to three days. 
Vomiting occurs in only one third of the children.22 
Additionally, astrovirus was found in four of 14 adult 
hospital staff members with diarrheic episodes. Rotavirus was 
noted in addition to astrovirus in one of the four adults. 
Mammal 
Clinical illness in animals attributed to astroviral 
infection consists of outbreaks of mild diarrhea and rarely 
vomiting. 
The prevailing problem is the determination of the etiologic 
significance of the presence of astrovirus in diarrheic 
animals. In most reports, astrovirus occurs in combination 
with other viruses, some of which are known enteric pathogens. 
Astroviral infection in animals was first reported by 
Snodgrass and Gray, 1977 in a group of commercial Suffolk 
lambs with diarrhea.*3 No other viruses were identified in 
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the affected lambs and a bacteria-free filtrate of the virus-
containing feces produced diarrhea in gnotobiotic lambs. 
Unidentified small round viruses (SRV) had been noted in the 
feces of calves infected with bovine rotavirus or bovine 
coronavirus.7'S° Subsequent studies identified astrovirus as 
one of two SRVs present in the fecal samples.** However, this 
virus alone does not cause diarrhea or other clinical signs in 
gnotobiotic calves. 
Astrovirus has also been described in recently weaned three-
week-old piglets with diarrhea.® Inocula derived from fecal 
filtrates from these piglets produced anorexia, diarrhea and 
failure to gain weight in gnotobiotic piglets. It should be 
noted that calicivirus, rotavirus and "featureless" particles 
were identified in the original diarrheic feces in addition to 
astrovirus.G Examination of feces from the experimentally 
infected piglets contained the aforementioned viruses as well 
as enterovirus. Additionally, cytopathic effects (CPE) 
consistent with the presence of enteroviruses, were produced 
in five serial passages in primary pig kidney cells. 
Astrovirus was found in the feces of 5 out of 56 
artificially reared red deer fawns with diarrhea attributed to 
Cryptosporidia.46 No other enteric viruses were found in the 
56 fecal samples examined. Indirect immunofluorescence 
confirmed the presence of antibody against deer astrovirus in 
the convalescent sera from the 5 positive deer. 
Original identification of astrovirus in cats was from a 
four month old kitten with a history of loose, watery diarrhea 
of one week duration.No other enteric pathogens were 
identified in this case. A survey of virus and virus-like 
particles in the feces of cats with and without diarrhea 
revealed astrovirus occurs frequently in cats with diarrhea 
and also in high concentration from asymptomatic cats.^® 
Astrovirus was isolated from a 1 year old cat with persistent 
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intermittent watery, green diarrhea.^® Astroviral infection 
was produced in specific pathogen free (SPF) kittens using a 
filtered fecal-derived inoculum from the infected cat. 
Although the kittens did not have overt illness, they did have 
mild diarrheic episodes. Astrovirus particles were identified 
in the feces from two of the three inoculated kittens. 
Astrovirus was identified in clinically ill nude mice and also 
in asymptomatic nude and normal mice in association with an 
outbreak of diarrhea. 
Fowl 
The first report of astrovirus in avian species was in young 
turkey poults with a clinical history of diarrhea and 
increased mortality.2* Rotaviruses were also found in these 
same poults. The only notable exception to the clinical 
manifestation of astroviral infection was reported in young 
fattening ducks.Astrovirus-like particles were observed by 
electron microscopy in the liver of dead ducklings, while a 
reovirus-like agent was found by virus isolation from several 
organs. The clinical signs noted were acute opisthotonos and 
rapid death in ducklings without previous signs of illness. 
Post mortem examination revealed multiple hemorrhages in the 
livers, widespread hepatitis with hepatocellular necrosis and 
bile duct hyperplasia. Experimental transmission of the 
disease by the astrovirus-like agent was possible by 
subcutaneous inoculation of a liver-derived virus suspension 
into 2 to 3 day old ducklings.®^ Subsequent studies of poults 
with enteritis and diarrhea of undetermined etiology 
frequently identified astrovirus alone or in combination with 
other enteric viruses. 
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Comparative pathogenesis in humans and mammals 
Human 
Few studies describe the pathogenicity of astrovirus either 
in humans or mammals. Transmission of astrovirus in humans is 
via fecal-oral route either directly or indirectly by fomites, 
food or water. The incubation period is 3 to 4 days. The 
virus is first detectable one day prior to the onset of 
diarrhea. Diarrhea lasts from 2 to 14 days accompanied by 
virus shedding. On microscopic examination of the infected 
duodenum, astrovirus appears within the lower part of the 
duodenal villi. 
Mammal 
Experimental studies of ovine astrovirus documented its 
pathogenicity in gnotobiotic lambs.Two-day-old lambs 
develop mild diarrhea after an incubation of 48 hours. 
Astrovirus is first detected in the feces at 38 and 48 hours 
post infection (H.P.I.). In contrast with human studies, 
astroviral infection was evident by IF only in scattered 
epithelial and subepithelial cells in the apical half of villi 
within the "midgut" and posterior ileum.*2 The highest number 
of infected enterocytes occurred at 14-38 H.P.I. 
Histopathological lesions were additionally documented by 
morphometry. Lesions included partial villous atrophy in the 
"midgut" at 38 and 45 H.P.I, and within the ileum at 38-120 
H.P.I. There was no significant change in jejunal villi. A 
significant progressive elongation of crypts occured 
throughout the experiment in all three intestinal sites 
sampled however the most marked changes were in the ileum. 
Additionally, ultrastructural studies revealed 
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intracytoplasmic crystalline arrays of astrovirus particles in 
mature villous epithelial cells.Only a few infected cells 
had virus particles in apical pits and tubules and in 
lysosomes. 
Woode et al., in further studies of experimentally infected 
gnotobiotic calves, examined various sites within the small 
and large intestine for histopathologic and ultrastructural 
lesions, despite the absence of clinical signs.5% 
Histopathological lesions occurred only in the dome cell 
epithelium of the jejunum and ileum or ileum only. 
Immunofluorescence (IF) confirmed the virus is only in the 
dome epithelial cells covering Peyer's patches in the ileum. 
Virus particles were detected by electron microscopy (EM) in 
only one absorptive cell within the ileum of one out of three 
calves infected with astrovirus alone. Calves with mixed 
viral infections however had more extensive IF staining and 
histopathological lesions of the dome epithelium cells of the 
ileum. Electron microscopy revealed astrovirus was primarily 
in M cells^ but may occasionally occur in absorptive 
enterocytes of the dome epithelium. The virions appeared as 
large perinuclear electron dense aggregates or in small 
aggregates of virions packed between apical tubules and 
vesicles. A subsequent study yielded similar results. 
Cytopathological lesions consisted of necrotic M cells within 
the jejunum. Scanning and transmission electron microscopy 
verified the necrosis limited to M cells in the jejunum and 
the presence of intracytoplasmic virus material in M cells, 
respectively. 
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Clinical disease and etiologic significance in turkeys 
Clinical disease and gross lesions 
Natural infections with astrovirus occur in commercial 
turkey poults with diarrhea and increased mortality. 
Clinical signs occur from one to three weeks of age with a 
duration of 10 to 14 days. The clinical signs are variable, 
low to moderate in severity and include diarrhea, 
listlessness, litter eating and nervousness.^* The single 
most important effect is the moderate to marked reduction in 
growth (stunting) of infected birds. 
Etiologic significance and epidemioloav 
The etiologic significance of natural astroviral infections 
is still in question because it is seldom the sole virus 
detected in flocks with enteric d isease.Astrovirus is 
also present in normal flocks. It occurs less frequently as 
the only identifiable virus than does rotavirus.^® Survey 
studies that monitor the presence of enteric viruses in 
turkeys from commercial flocks beginning at placement to 7 
weeks of age, indicate astrovirus infections alone or in 
combination with either group D or group A rotavirus are the 
earliest detectable infections.3? Astrovirus .was the most 
frequently detected enteric virus in this survey, followed by 
group D rotavirus, and lastly by group A rotavirus. Most 
importantly, astrovirus and group D rotavirus are the most 
frequent combination of enteric viruses identified from flocks 
with confirmed enteric disease. Most enteric viral infections 
appear to occur within the first 4 weeks of life because virus 
particles are not detectable in the majority of intestinal 
samples collected after 28 days.3? 
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Pathogenesis in turkeys 
Only a single study has addressed the pathogenicity of 
astroviral infection in turkeys. This inoculation study, 
utilized specific pathogen free (SPF) poults to investigate 
the pathogenesis of astroviral infection.^® No astrovirus 
inoculation studies have been reported in commercial hatchling 
turkey poults. 
Results of the aforementioned inoculation study provided the 
first evidence of the enteropathogenicity of astrovirus alone 
in young turkey poults. Astrovirus produced enteric disease 
characterized by watery and frothy yellow-brown droppings in 
inoculated poults. Astrovirus was detected in the feces of 
inoculated birds from days 1 through 9 post inoculation (PI), 
while clinical signs and gross lesions first appeared on day 3 
PI and persisted to the final evaluation at day 13 PI. The 
characteristic pathological changes consisted of large, 
gaseous dilatated ceca filled with yellow-brown frothy 
material and an overall loss of intestinal tone manifested by 
flaccid, translucent intestinal walls. Furthermore, 
significant reductions in both intestinal d-xylose absorption 
and average body weight occurred by days 3 and 5 PI and had a 
variable duration of 9 to 13 PI. The latter two findings 
suggested that astroviral infection results in malabsorption 
and stunting, respectively. The possibility of concurrent 
maldigestion in astrovirus infected poults has not been 
investigated. 
There are no reports of either light or electron microscopic 
findings in astrovirus inoculated turkey poults. 
It is apparent from this review that many aspects of the 
pathogenesis of astroviral infection in turkeys have not been 
investigated. This research was proposed with the objective 
of delineating the role of astrovirus as an enteropathogen in 
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commercial hatchling turkeys. To accomplish this objective, 
the astroviral infection had to first be successfully and 
consistently induced by inoculation in turkey poults to allow 
valid comparisons between experiments. Next, documentation of 
clinical signs, gross, histological, and ultrastructural 
findings caused by experimental astroviral infection had to be 
completed. Finally, changes in the digestive capacity of the 
small intestine caused by experimental infection had to be 
documented. 
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PART I: ASTROVIRUS INFECTION IN HATCHLING TURKEYS: 
HISTOLOGIC, MORPHOMETRIC AND ULTRASTRUCTURAL 
FINDINGS 
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Astrovirus infection in hatchling turkeys: 
Histologic, morphometric and ultrastructural findings 
Mari L. Thouvenelle, D.V.M.^ 
Don L. Reynolds, D.V.M.,Ph.D^ 
Joseph S. Haynes, D.V.M., Ph.D^ 
From the Department of Veterinary Pathology^ 
and Veterinary Medical Research Institute,% 
Iowa State University College of Veterinary Medicine, 
Ames, lA 50011 
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ABSTRACT 
In 3 separate experiments, 2 and 5 day old commercial 
poults were inoculated orally with astrovirus. Twelve, 20 and 
16 poults were inoculated in each respective experiment. 
Poults were examined after inoculation on days, 1, 3, 5, 7, 10 
and 14 in the first experiment; in the second experiment on 
days, 0.5, 1, 2, 7 and 14; and in the third experiment on 
days, 0.5, 1, 3 and 7. The small intestine was examined by 
light and transmission electron microscopy and morphometric 
changes were analyzed by computerized image analysis. Poults 
on days 2 through 10 post inoculation (PI) had diarrhea, 
generalized loss of intestinal tone and dilatated ceca 
containing light yellow to tan fluid to semi-solid feces and 
gas. Mild crypt hyperplasia was noted 1 day PI in the 
proximal jejunum and by day 3 in the distal jejunum and ileum. 
The duodenum was affected on days 5 and 7 PI. A significant 
(P<.05) increase in crypt depth and area in the distal jejunum 
and ileum was documented by image analysis on day 3 PI. The 
majority of the small intestine was affected seven days after 
inoculation. Significant morphometric changes noted on day 7 
PI involved the distal small intestine, but were variable. 
Intracytoplasmic crystalline arrays of astrovirus were found 
in the villous enterocytes in the ileum on days 2 and 3 PI, 
but only on day 3 in the distal jejunum. 
It was concluded that astrovirus alone is an enteropathogen 
of hatchling turkey poults. Turkey astrovirus produces mild 
enteric disease with subtle microscopic lesions and replicates 
in the distal small intestine. 
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INTRODUCTION 
Astrovirus is one of several different enteric viruses 
identified in association with turkey viral enteritis. 
Turkey viral enteritis is a primary concern in the area of 
enteric diseases both to turkey producers and poultry health-
related professionals.! 
The disease occurs in poults 1 to 4 weeks of age.i* 
Mortality associated with turkey viral enteritis is low, but 
morbidity is high. Diarrhea is the predominant clinical sign. 
Losses stem from the high morbidity of the disease which 
causes decreased growth and flock unevenness. 
Studies in the past ten years have identified several 
different enteric viruses associated with turkey viral 
enteritis including groups A and D rotaviruses, 
astrovirus,^'®'!! enterovirus,8'!°,ii parvovirus,!® reovirus,®'!! 
and adenovirus.!! There are few studies that examine the role 
of an individual virus as an enteropathogen in turkey 
poults.^'!°'!^'!''^° Pathogenicity studies of the individual 
viruses include astrovirus,? group A rotavirus,^°'^! rotavirus-
like virus (group D rotavirus),!° reovirus,® and adenovirus.^ 
Survey studies of enteric viruses found in turkey poults from 
placement to 7 weeks of age indicate that astrovirus is the 
most frequent virus detected.®'* Additionally, astrovirus was 
the earliest post hatch single virus detected.® The most 
frequent viral combination in poults with clinical signs of 
enteritis is astrovirus and group D rotavirus.® 
The ability of astrovirus to produce enteric disease in 
specific pathogen free (SPF) turkeys has been documented by 
clinical signs, nonspecific gross pathological findings and 
significant decreases in both weight gain and intestinal d-
xylose absorption.? There are no reports of concomitant 
histologic, morphometric or ultrastructural changes in 
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poults. The present report discusses the disease caused by 
astrovirus in experimentally inoculated commercial poults. 
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MATERIALS AND METHODS 
Poults and housing 
Turkey poults were obtained at the time of hatching from a 
commercial source. Poults were housed in separate, pre-
sterilized positive-pressure plastic isolators equipped with 
intake and exhaust air filters. All poults were provided with 
identical feed and water ad libitum. The temperature was 
maintained at approximately 30° C. 
Immune electron microscopy 
Intestinal samples were evaluated for the presence of 
astrovirus by negative-stain immune electron microscopy. The 
method used was a modified version of that described by Saif 
et al.13 Samples in the first experiment consisted of the 
entire small intestine and ceca including their contents. 
Samples in the second and third experiments consisted of the 
contents of the small intestine and the ceca and its contents. 
The samples were pooled by treatment group and day post 
inoculation (PI). Samples were weighed and diluted 1:2 with 
sterile phosphate buffered saline solution (PBSS) and allowed 
to freeze and thaw three times. Samples were then homogenized 
in a Stomacher Blender (Tekmar Comp., Cincinnati, OH) followed 
by sonication. Samples were centrifuged at 1,500 rpm (1,000 x 
g) for 20 minutes. The supernatant was serially filtered 
through 0.8 jum and 0.45 fxm disposable filters (Millipore 
Corporation, Bedford, MA). The filtered samples were 
incubated overnight at 4° C with convalescent antisera 
prepared against astrovirus to allow immune complex formation. 
Following the incubation, samples were pelleted through 33% 
sucrose by ultracentrifugation (55,000 x g) for 45 minutes at 
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10* C. The pellet was resuspended in 1 ml of double-distilled 
water and recentrifuged as described before for 
ultracentrifugation. The resulting pellet was resuspended in 
10 fil of double-distilled water and 10 (il of 4% 
phosphotungstic acid, Ph 7.1, to yield a final concentration 
of 2%. 
Samples were applied to 200 mesh carbon-coated copper grids 
and evaluated at 75 kV in a Hitachi H500 transmission electron 
microscope (Nissei Sanjyo Company, LTD., Hitachi division, 
Tokoyo, Japan). For each sample evaluated a total of 5 grid 
squares were scanned. Samples having at least one aggregate 
of astrovirus were identified as positive. 
Virus inoculum 
Virus for the inoculum was derived from an original 
intestinal sample collected from diarrheic poults in 
Wisconsin.? The original sample contained both rotavirus and 
astrovirus before it was purified by sonicating and serially 
filtering to 0.05 jitm with disposable filters (Millipore 
Corporation, Bedford, MA). The final preparation was 
evaluated by IEM to verify the presence of astrovirus and 
ensure no other contaminants were present. Specific pathogen 
free (SPF) poults were inoculated with the final preparation 
to increase the pool of astrovirus. Intestinal contents were 
collected from inoculated SPF poults sacrificed 6 days PI. 
This pool of intestinal contents was filtered, examined by 
IBM, and found to contain only astrovirus. The filtered pool 
of intestinal contents was used as thô inoculum in all 
experiments. 
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Antiserum 
Convalescent antisera used in immune electron microscopy 
identification of astroviruses were prepared by inoculating 
commercial poults one day after hatch with astrovirus inoculum 
made from intestinal tracts as described above in virus 
inoculum. Sera was collected 3 to 4 weeks after the initial 
inoculation and evaluated by immune electron microscopy for 
the presence of antibody. 
Bacteriology 
Cloacal swabs were taken from all poults to check for 
enteropathogenic bacterial infections. 
Light microscopy and morphometry 
Poults were anesthetized by intraperitoneal or intravenous 
route, with 5% sodium pentobarbital (Nembutal, Abbott 
Laboratories, N. Chicago, ILL.) The intestinal tract was 
exteriorized and removed immediately. The intestinal tract 
was divided into four segments, duodenum (from the curve of 
the duodenal loop to pancreo-biliary ducts), proximal jejunum 
(from pancreo-biliary ducts to yolk stalk), distal jejunum 
(distal from yolk stalk to 2 centimeters proximal to cecal 
tips) and ileum (remainder of the small intestine terminating 
at the ileo-cecal junction). 
Each segment was fixed by immediate intraluminal infusion 
and immersion using 10% neutral buffered formalin (NBF). 
Segments were fixed in 10% NBF for 3 hours and then 
transferred to 70% ethanol for storage or processing. Tissues 
were processed by routine paraffin techniques, microsectioned 
and stained with hematoxylin and eosin. 
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Sections prepared for light microscopy were also evaluated 
at the Iowa State University image analysis facility using a 
Zeiss SEM-IPS image analysis system (Zeiss-Kontron; IBAS 
version 1.31 and 2.00, Carl Seiss Inc., Thornwood, NY). 
Sections were viewed with Zeiss axiophot microscope (Carl 
Seiss Inc., Thornwood, NY). Magnification varied with the 
size of tissue section examined. Magnification for larger 
sections was 2x (1.25x by 1.6 optivar) and 3.125X (2.5x by 
1.25 optivar) for smaller sections. Images were captured with 
a Sony 3 CCD color video camera (Sony Corporation of America, 
San Diego, CA). The internal scaling feature of the image 
analysis software was calibrated to measure in millimeters. 
The intestinal images were normalized, interactively 
discriminated and edited to isolate the villi, crypts, and 
submucosa. The resulting images were then measured to obtain 
area and height of the villi, area and depth of the crypts, 
villus to crypt ratio, and the area and height of the 
submucosa. Parameters were statistically analyzed using 
analysis of variance (ANOVA). An experimental unit was an 
individual poult. Differences were determined to be 
significant at the level of P<.05. 
Experimental design 
Experiment 1: Poults were randomly divided into two groups 
of equal number and placed in separate sterile isolators. One 
group was inoculated orally with a bacteria-free preparation 
containing only astrovirus, as previously determined by immune 
electron microscopy. The second group of poults served as 
controls and were not inoculated. Poults were observed twice 
daily for clinical signs of disease. Poults were evaluated at 
6 different post inoculation days, 1, 3, 5, 7, 10 and 14. Two 
poults were removed from each group at each collection time 
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and necropsied. Tissues and intestinal samples were collected 
for image analysis, light and transmission electron microscopy 
and immune electron microscopy. A total of 24 birds were 
used. 
Experiment 2; A similar experimental design was used for 
experiment 2 with the following exceptions noted. Collection 
times were on days, 0.5, 1, 2, 7 and 14 PI. Three control 
poults were taken at each collection; 2 were evaluated by 
image analysis, light and transmission electron microscopy and 
the third was utilized in immune electron microscopy and 
intestinal disaccharidase analysis (see part II). Four 
inoculated poults were taken at each collection; 3 were used 
for image analysis, light and transmission electron microscopy 
and 1 was utilized for both immune electron microscopy and 
intestinal disaccharidase analysis (see part II). A total of 
35 birds were used. 
Experiment 3; Sequential collections in experiment 3 were 
made on days, 0.5, 1, 3 and 7 PI. Seven poults were taken 
from each group at each collection. Small intestinal samples 
were collected from four poults for evaluation by image 
analysis, light and transmission electron microscopy. The 
remaining three poults were utilized for intestinal mucosal 
disaccharidase study (see part II). A total of 32 birds were 
evaluated in this study. 
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RESULTS 
Clinical disease and gross lesions 
Clinical signs and gross lesions were first noted 2 days PI 
and persisted through day 10 PI. Similar clinical signs and 
gross lesions were noted in all experiments. The predominant 
clinical sign was diarrhea. Gross lesions included dilatated 
ceca containing light yellow to tan fluid to semi-solid feces 
and gas, variable hyperemia of the intestinal tract and 
thinning or loss of intestinal tone of the jejunal and ileal 
intestinal walls. 
Virology and bacteriology 
Cultures from all poults failed to isolate Salmonella 
species. Astrovirus was found by immune electron microscopy 
in pooled intestinal samples from inoculated poults, but not 
in control poults. No other viruses or recognized 
enteropathogens were detected by IEM or direct examination of 
tissues from inoculated or control birds by transmission 
electron microscopy. 
Light microscopy and morphometry 
Mild crypt hyperplasia was the most consistent histo-
pathological finding. Changes appeared first in the proximal 
jejunum one day after inoculation and persisted through 7 
days. A majority of the small intestine was involved by day 3 
post-inoculation when changes were also noted in the distal 
jejunum (Fig. 1 a,b) and ileim (Fig. 2 a,b). The duodenum was 
inconsistently affected prior to 5 days PI. Changes were 
noted in the duodenum primarily on days 5 through 
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7 PI (Fig. 3 a,b). Elongation of crypts persisted in the 
proximal jejunum and distal jejunum through 7 days PI (Fig. 4 
and 5). No significant lesions were found 10 days PI. 
Morphometric changes were inconsistent and variable prior to 
day 3 PI in all experiments. Morphometric data are contained 
in the Appendix. Similar and consistent changes were apparent 
in experiments 2 and 3 from day 3 through 7 PI. The 
predominant morphometric changes documented were increases in 
crypt depth and area (see numerical data in Appendix, tables 
lb and 2b). These changes are summarized from experiments 2 
and 3 (Fig. 6 and 7). No differences (P>.05) in crypt depth 
or area were detected on 0.5 through 2 days PI in any small 
intestinal section, from either experiment 2 or 3. Crypt 
depth and area were increased (P<.05) in the distal jejunum 
and ileum beginning 3 days PI (Fig. 7 e-h) and persisted 
through day 7 (Fig. 6 b, d-f and 7 e-h). The majority of the 
small intestine was affected 7 days after inoculation. An 
exception occurred in experiment 2 on day 7 PI when no 
significant changes were seen in the duodenum. By 14 days PI, 
no significant difference (P>.05) in crypt depth or area was 
noted (Fig 6). Morphometric changes in experiment 1 were 
variable throughout its duration and dissimilar to changes 
seen in the other two experiments. Experiments 2 and 3 had 
variable and inconsistent changes in other histologic 
parameters after day 7 PI that primarily involved the distal 
small intestine (see appendix). 
Electron microscopy 
Virus particles were found in a few mature villous 
enterocytes on days 2 and 3 PI in the ileum (Fig.8-13), but 
only on day 3 in the distal jejunum (Fig.14-15). The 
scattered infected cells were located on the sides or near the 
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base of villi. Electron dense viral aggregates found 2 days 
after inoculation were located in and around dilated 
cytocavitary spaces as quasi-crystalline arrays or free in the 
apical cytoplasm of ileal enterocytes (Fig. 8a). At higher 
magnification, individual viral particles were circular and 
either hollow or solid-cored with an average diameter of 
approximately 30.1 nm (Fig. 8b). Virus was also identified in 
the form of large crystalline arrays on day 2 PI (Fig. 9 and 
10). An occasional perinuclear array was noted (Fig. 11). 
Most infected villous enterocytes on day 3 PI had viral 
particles typically arranged in large crystalline arrays in 
the apical cytoplasm (Fig. 12 and 13). Some intracytoplasmic 
viral arrays were present as electron dense ovoid aggregates 
(Fig. 14). The ovoid viral aggregates were characterized by 
crystalline arrays of virus particles embedded in an amorphous 
matrix (Fig. 14 b). Release of viral aggregates into the 
intestinal lumen was seen on rare occasion in the distal 
jejunum 3 days after inoculation (Fig. 15). The intraluminal 
viral arrays and free virus particles were found adjacent to 
the luminal margin of the villous enterocytes or scattered 
among the cellular debris. An occasional immature villous 
epithelial cell was seen in conjunction with intraluminal 
viral arrays (Fig 15). 
Fig. lA: Appearance of crypts in the distal jejunum, control 
poult at 3 days PI. Refer to bar in fig. 2B for 
size. HE 
Fig. IB: Elongation of crypts in the distal jejunum, virus 
inoculated poult at 3 days PI. Refer to bar in fig. 
2B for size. HE 
Fig. 2A: Appearance of crypts in the ileum, control poult at 
3 days PI. Refer to bar in fig. 2B for size. HE 
Fig. 2B: Elongation of crypts in the ileum, virus inoculated 
poult at 3 days PI. Bar = lO/Ltm. HE 

Fig. 3A: Appearance of the duodenum, control poult at 7 days 
PI. Refer to bar in fig. 5B for size. HE 
Fig. 3B: Mild crypt hyperplasia in the duodenum, virus 
inoculated poult at 7 days PI. Refer to bar in fig. 
53 for size. HE 
Fig. 4A: Appearance of the proximal jejunum, control poult at 
7 days PI. Refer to bar in fig. 53 for size. HE 
Fig. 43: Elongation of crypts is noted in the proximal 
jejunum at 7 days PI. Refer to bar in fig. 53 for 
size. HE 
Fig. 5A: Normal appearance of the distal jejunum, control 
poult at 7 days PI. Refer to bar in fig. 53 for 
size. HE 
Fig. 53: Mild crypt hyperplasia persists in the distal 
jejunum, virus inoculated poult at 7 days PI. 
3ar = lO/xm. HE 

Fig. 6A: Proximal jejunal crypt depth in control and virus 
inoculated poults at 0.5, 1, 2, 7, and 14 days PI, 
experiment 2 (see numerical data in Appendix, Table 
lb). Error bars = S.E. of mean. *P<0.05 
Fig. 6B: Distal jejunal crypt depth in control and virus 
inoculated poults at 0.5, 1, 2, 7, and 14 days PI, 
experiment 2 (see numerical data in Appendix, Table 
lb). Error bars = S.E. of mean. *P<0.05 
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Proximal jejunum 
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14 
Distal jejunum 
crypdpt-cont 
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Post inoculation day 
Fig. 6C: Proximal jejunal crypt area in control and virus 
inoculated poults at 0.5, 1, 2, 1, and 14 days PI, 
experiment 2 (see numerical data in Appendix, Table 
lb). Error bars = S.E. of mean. *P<0.05 
Fig. 6D; Distal jejunal crypt area in control and virus 
inoculated poults at 0.5, 1, 2, 7, and 14 days PI, 
experiment 2 (see numerical data in Appendix, Table 
lb). Error bars = S.E. of mean. *P<0.05 
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Fig. 6E: Ileal crypt depth in control and virus inoculated 
poults at 0.5, 1, 2, 7, and 14 days PI, experiment 2 
2 (see numerical data in Appendix, Table lb). Error 
bars = S.E. of mean. *P<0.05 
Fig. 6F; Ileal crypt area in control and virus inoculated 
poults at 0.5, 1, 2, 7, and 14 days PI, experiment 2 
(see numerical data in Appendix, Table lb). Error 
bars = S.E. of mean. *P<0.05 
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Fig. 7A; Duodenal crypt depth in control and virus inoculated 
poults at 0.5, 1, 3, and 7 days PI, experiment 3 
(see numerical data in Appendix, Table 2b). Error 
bars = S.E. of mean. *P<0.05 
Fig. 7B; Proximal jejunal crypt depth in control and virus 
inoculated poults at 0.5, 1, 3, and 7 days PI, 
experiment 3 (see numerical data in Appendix, Table 
2b). Error bars = S.E. of mean. *P<0.05 
5 1 3 
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Proximal Jejunum 
• crypdptcont 
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Fig. 7C: Duodenal crypt area in control and virus inoculated 
poults at 0.5, 1, 3, and 7 days PI, experiment 3 
(see numerical data in Appendix, Table 2b). Error 
bars = S.E. of mean. *P<0.05 
Fig. 7D: Proximal jejunal crypt area in control and virus 
inoculated poults at 0.5, 1, 3, and 7 days PI, 
experiment 3 (see numerical data in Appendix, Table 
2b). Error bars = S.E. of mean. *P<0.05 
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H cry par as 
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Fig. 7E: Distal jejunal crypt depth in control and virus 
inoculated poults at 0.5, 1, 3, and 7 days PI, 
experiment 3 (see numerical data in Appendix, Table 
2b). Error bars = S.E. of mean. *P<0.05 
Fig. 7F: Ileal crypt depth in control and virus inoculated 
poults at 0.5, 1, 3, and 7 days PI, experiment 3 
(see numerical data in Appendix, Table 2b). Error 
bars = S.E. of mean. *P<0.05 
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Fig. 7G: Distal jejunal crypt area in control and virus 
inoculated poults at 0.5, 1, 3, and 7 days PI, 
experiment 3 (see numerical data in Appendix, Table 
2b). Error bars = S.E. of mean. *P<0.05 
Fig. 7H: Ileal crypt area in control and virus inoculated 
poults at 0.5, 1, 3, and 7 days PI, experiment 3 
(see numerical data in Appendix, Table 2b). Error 
bars = S.E. of mean. *P<0.05 
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8A; Infected villous enterocyte. Viral particles are 
found within or around the dilated cytocavitary 
spaces and free (arrow) in the cytoplasm. Ileum, 
inoculated poult killed 2 days PI. Bar = 250 nm 
SB: Viral aggregates at higher magnification. Individual 
circular solid-cored particles arranged in quasi-
crystalline arrays or free in cytoplasm. Ileum, 
inoculated poult killed 2 days PI. 
Bar = 250 nm 
9A: Large electron dense viral aggregate (arrow) found 
in the apical cytoplasm of villous enterocyte. 
Ileum, inoculated poult killed 2 days PI. 
Bar = 500 nm 
9B: Infected villous enterocyte. At higher 
magnification, with large crystalline array of viral 
particles and dilated cytocavitary spaces. Ileum, 
inoculated poult killed at 2 days PI. . 
Bar = 250 nm 
mm 
Fig. lOA; Infected villous enterocyte. Three viral 
aggregates (arrows) are present in the apical 
cytoplasm. Ileum, inoculated poult killed 2 
days PI. Bar = 250 nm 
Fig. lOB: At higher magnification, viral aggregates 
appear as large or small quasi-crystalline 
arrays. Ileum, inoculated poult killed 2 days 
PI. Bar = 250 nm 
Fig. IIA: Infected villous enterocyte containing a large 
viral aggregate (arrow) adjacent to the 
nucleus. Ileum, inoculated poult killed 2 days 
PI. Bar = 500 nm 
Fig. IIB: At higher magnification, the perinuclear 
crystalline array of viral particles found in 
the cytoplasm. Ileum, inoculated poult killed 
2 days PI. Bar = 500 nm 

Fig. 12A; Infected villous enterocyte containing 2 viral 
aggregates. Ileum, inoculated poult killed 3 
days PI. Bar = 500 nm 
Fig. 12B; Higher magnification. Different appearance and 
location of viral aggregates. The large 
crystalline array (right) is composed of 
geometrically arranged hollow-cored virus 
particles and lies free in the cytoplasm. The 
other viral aggregate (left) is composed of 
solid-cored particles embedded in an amorphous 
matrix, located within a dilated cytocavitary 
space. Ileum, inoculated poult killed 3 days 
PI. Bar = 125 nm 
Fig. 13A: An infected villous enterocyte containing 
several electron dense viral aggregates 
(arrows), with associated dilated cytocavitary 
network, lies adjacent to a goblet cell. 
Ileum, inoculated poult killed 3 days PI. 
Bar = 1 nm 
Fig. 13B; A large intracytoplasmic viral array, at 
higher magnification, composed of solid-cored 
particles embedded in an amorphous matrix. 
Dilated cytocavitary spaces are noted in the 
surrounding area. Ileum, inoculated poult 
killed 3 days PI. Bar = 125 nm 

Infected villous enterocyte containing several 
electron dense ovoid viral aggregates (large 
arrow points to 5 aggregates, smaller arrow 
points to 1). Note the associated dilation of 
cytocavitary spaces. Distal jejunum, 
inoculated poult killed 3 days PI. 
Bar = 1 /im 
Variable appearance of viral aggregates at 
higher magnification. Distal jejunum, 
inoculated poult killed 3 days PI. 
Bar = 250 nm 
Release of viral arrays into the intestinal 
lumen from degenerate villous enterocyte. 
Distal jejunum, inoculated poult killed 3 days 
PI. Bar = 1 fim 
Intraluminal viral arrays and free viral 
particles adjacent to an immature epithelial 
cell (left). Note absence of microvilli on 
luminal edge of the affected enterocyte. 
Distal jejunum, inoculated poult killed 3 days 
PI. Bar = 1 /im 
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DISCUSSION 
The current research documented for the first time the 
microscopic, morphometric and ultrastructural findings 
associated with experimental astroviral infection in hatchling 
turkey poults. 
Experimental astrovirus inoculation of commercial poults 
produced typical clinical signs and post-mortem lesions as 
described in a previous study,? utilizing specific pathogen 
free poults. The duration of the disease was 10 days which is 
comparable to the previously reported range from 10 to 14 
days.7 Histopathological changes were subtle and frequently 
difficult to identify. The predominant lesion was mild crypt 
hyperplasia which progressed from the proximal jejunum 
initially, to extend through the distal portion of the small 
intestine. Computerized image analysis supported subjective 
observations made by light microscopy. Both crypt depth and 
area were increased (P<.05) from 3 to 7 days PI. Progressive 
involvement of the small intestine was documented beginning in 
the distal jejunum rather than in proximal jejunum. The 
majority of the small intestine was affected by 7 days PI. 
Microscopic changes preceded the appearance of clinical signs 
and persisted through 10 days PI. Turkey astrovirus produced 
similar histopathological and morphometric changes in 
comparable regions of the small intestine as %hose noted in 
gnotobiotic lambs experimentally infected with ovine 
astrovirus.Crypt hyperplasia progressively extended 
through the small intestine from 38 to 120 hours PI in 
astrovirus infected lambs, but unlike infected poults the 
duodenum is not affected. Additionally, partial villous 
atrophy occurs in the "mid-gut" (distal jejunum) and ileum of 
astrovirus infected lambs. The only similarities between 
astroviral infection in poults and astrovirus inoculated 
58 
gnotobiotic calves, are the regions of the small intestine 
affected. Two noteworthy differences associated with bovine 
astroviral infections are the lack of clinical signs and the 
lesions produced. Bovine astrovirus causes necrosis of M 
cells in the dome epithelium associated with Peyer's patches 
in the jejunum and ileum. 
The inconsistent morphometric results seen in the first 
experiment may be related to the difference in age of the 
poults at time of inoculation. Poults in experiment 1 were 4 
days old when inoculated and those in experiments 2 and 3 were 
2 days old. Other inconsistencies may be related directly to 
errors in defining and measuring the specific histologic 
parameters used in image analysis. 
Ultrastructural evaluation revealed intracytoplasmic 
crystalline arrays of astrovirus particles resembling those 
found in lambs.* Viral arrays were noted within villous 
enterocytes in both lambs and turkeys however the site on the 
villus differs. Enterocytes along the sides and near the base 
of villus were affected in turkeys in contrast to the apical 
villar site in lambs. The route of viral entry for turkey 
astrovirus was not found, but its release from degenerate 
enterocytes was noted in the distal jejunum 3 days PI. Viral 
entry in lambs occurs via the apical pits and tubules.* 
Although, its release may not be directly observed in infected 
lambs, it is presumed to result from disintegration of 
desquamated enterocytes. Human astrovirus, on the other hand, 
is also found in the epithelium on the lower part of the 
villi.® Again, major dissimilarities are noted with bovine 
astrovirus which differs in ultrastructural appearance and 
location.!* Virions of bovine astrovirus appear as large 
perinuclear electron dense aggregates or small aggregates 
packed between apical tubules and vesicles. Finally, bovine 
astrovirus is confined to the dome epithelium of the ileum and 
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is only rarely found in absorptive enterocytes. Only on rare 
occasions was turkey astrovirus found in a perinuclear 
location within the villous enterocytes. 
Although astrovirus has not been formally classified into a 
viral taxon, evidence in the present study indicates that 
turkey astrovirus may be characterized as a type I 
enteropathogenic virus. Type I enteropathogenic viruses are 
transmitted by the fecal-oral route, have an intestinal cell 
tropism for villous enterocytes and affect the distal small 
intestine most extensively.^^ A gradient of viral 
susceptibility of enterocytes may exist, since both histologic 
and morphometric changes extend into the proximal small 
intestine, but viral particles were found only in the distal 
portion. Another consideration is the difference in the 
kinetics of enterocyte susceptibility in the distal jejunum 
versus the ileum. Astrovirus was identified as early as 2 
days PI in the ileum, but not until 3 days PI in the distal 
jejunum. These findings may simply be a result of the small 
sample used to locate the virus by electron microscopy. 
Development of an immunohistochemical procedure, using a 
specific antibody against astrovirus, would not only alleviate 
the small sample size, but also increase the specificity and 
sensitivity in the identification of astrovirus in situ. 
In conclusion, turkey astrovirus alone is an effective 
enteropathogen in hatchling poults. Infection of commercial 
poults with astrovirus not only produces typical clinical 
signs and gross lesions associated with enteric disease. It 
also causes subtle histopathological changes shown to be 
significant by morphometric changes and appeared to replicate 
in villous enterocytes of the distal small intestine. 
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ABSTRACT 
Intestinal disaccharidase activity was determined in 
commercial turkey poults inoculated orally one day after hatch 
with astrovirus. Two separate experiments were conducted 
utilizing 24 and 18 poults, respectively. Small intestinal 
samples and contents were collected on post inoculation days; 
0.5, 1, 3 and 7 in the first experiment and 7, 10 and 14 in 
the second experiment. Astrovirus infection was verified on 
day 7 post inoculation by immune electron microscopy of 
intestinal contents. Specific maltase activity was decreased 
(P<.05) throughout the entire small intestine of astrovirus 
inoculated poults from 3 to 7 days after inoculation. Ten 
days after inoculation no significant difference (P>.05) was 
detected in specific maltase activity in inoculated versus 
control poults. At 14 days post inoculation specific maltase 
activity was increased (P<.05) in all sections of the small 
intestine of inoculated poults except in the proximal jejunum. 
Results of these studies provide evidence of the 
pathogenicity of astrovirus alone in hatchling turkey poults. 
Astrovirus causes dysfunction of the intestinal mucosal 
disaccharidases which results in a transient period of 
maldigestion, in addition to typical clinical signs and gross 
lesions in the small intestine. 
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INTRODUCTION 
Astrovirus has been incriminated along with other enteric 
viruses as possible causative agents of turkey viral 
enteritis. Other viruses identified in association with this 
enteric syndrome include reovirus, adenovirus, coronavirus, 
groups A and D rotavirus, enterovirus, parvovirus, and 
pseudopicornavirus.i'io,iG,l7 respective roles of these 
viruses in the pathogenesis of turkey viral enteritis, either 
individually or in various combinations, remains to be fully 
explained. 
The enteropathogenicity of astrovirus was documented by 
experimental infection of specific pathogen free turkey 
poults.* Consistent clinical signs and intestinal lesions 
noted in the former experiment were diarrhea, large dilatated 
ceca filled with frothy yellow-brown fluid, loss of intestinal 
tone and significant decrease in weight gain. Furthermore, 
malabsorption was substantiated by a significant decrease in 
D-xylose absorption. 
Intestinal mucosal disaccharidase levels are useful in 
documenting maldigestion. Complete digestion of oligo- and 
disaccharides is primarily dependent on the membrane-bound 
disaccharidases located on the microvilli of enterocytes. 
Maldigestion occurs in gnotobiotic lambs experimentally 
infected with astrovirus.^® Specifically, lactase levels, as 
determined by intestinal mucosal disaccharidase analysis, 
decrease in the inoculated lambs. In another related 
experiment, Gray et al determined that the site of astrovirus 
multiplication is the mature enterocytes on the apical two-
thirds of villi in the small intestine.® Researchers that 
conducted the previously mentioned experiments with astrovirus 
infected lambs, postulated that astroviral infection damages 
the small intestinal epithelium based on histopathological, 
ultrastructural and biochemical f indings.Although 
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malabsorption has been documented in experimental astroviral 
infection of poults, the possibility of concurrent 
maldigestion remains unanswered.® Recent experimental studies 
of "stunting syndrome" (SS) in young turkeys documented 
decreased activities of intestinal disaccharidases in the 
jejunum and ileum.^ The etiologic agent responsible for SS 
remains to be identified. Long segmented filamentous 
organisms have been observed in the jejunal mucosa of 
experimentally SS-inoculated poults, but were not implicated 
as etiologic agents.The present report further delineates 
the role of astrovirus as an enteropathogen by determination 
of the small intestinal mucosal disaccharidase activity. In 
related experiments (see part 1) histologic, morphometric and 
ultrastructural findings associated with experimental 
astroviral infection were reported. 
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MATERIALS AND METHODS 
Poults and housing 
Turkey poults were obtained at time of hatching from a 
commercial source. Poults were housed in separate, pre-
sterilized positive-pressure plastic isolators equipped with 
intake and exhaust air filters. All poults were provided with 
identical feed and water ad libitum. The temperature was 
maintained at approximately 30® C. 
Immune electron microscopy 
Intestinal samples were evaluated for the presence of 
astrovirus by negative-stain immune electron microscopy. The 
method used was a modified version of that previously 
described by Saif et al.^^ The intestinal samples consisted 
of intestinal contents obtained by flushing the entire length 
of the small intestine with cold saline. Cold saline was used 
to prepare the intestinal tissue for disaccharidase analysis 
(see intestinal disaccharidase and protein concentration). 
The ceca and its contents were also included for immune 
electron microscopy. The samples were pooled by treatment 
group and by day post inoculation. Samples were weighed and 
diluted 1:2 in phosphate buffered saline solution (PBSS) and 
allowed to freeze and thaw three times. Samples were then 
homogenized, followed by sonication. Samples were low speed 
clarified by centrifuging at (1,000 x g) for 20 minutes. The 
supernatant was serially filtered through 0.8 fxm and 0.45 ixm 
disposable filters (Millipore Corporation, Bedford, MA). The 
filtered sample was incubated overnight at 4* C with diluted 
convalescent antiserum prepared against astrovirus to allow 
immune complex formation . Following the incubation, samples 
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were pelleted through 33% sucrose by ultracentrifugation 
(55,000 X g) for 45 minutes at 10® C. The pellet was 
resuspended in 1 ml of double-distilled water and 
recentrifuged as described before for ultracentrifugation. 
The resulting pellet was resuspended in 10 of double-
distilled water and 10 fil of 4% phosphotungstic acid, pH 7.1, 
to yield a final concentration of 2%. 
Samples were applied to 200 mesh carbon-coated copper grids 
and evaluated at 75 kV in a Hitachi H500 transmission electron 
microscope (Nissei Sanjyo Comp., LTD, Hitachi division, 
Tokoyo, Japan). For each sample evaluated a total of 5 grid 
squares were scanned. Samples having at least one aggregate 
of astrovirus were identified as positive. 
Virus inoculum 
Virus for the inoculum was derived from an original 
intestinal sample collected from diarrheic poults in 
Wisconsin.* The original sample contained both rotavirus and 
astrovirus before it was purified by sonicating and serially 
filtering to 0.05 /xm with disposable filters (Millipore 
Corporation, Bedford, MA). The final preparation was 
evaluated by IEM to verify the presence of astrovirus and 
ensure no other contaminants were present. Specific pathogen 
free (SPF) poults were inoculated with the final preparation 
to increase the pool of astrovirus. Intestinal contents were 
collected from inoculated SPF poults sacrificed 6 days PI. 
This pool of intestinal contents was filtered, examined by 
IBM, and found to contain only astrovirus. The filtered pool 
of intestinal contents was used as the inoculum in all 
experiments. 
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Antiserum 
Convalescent antisera used in immune electron microscopic 
identification of astroviruses were prepared by inoculating 
commercial poults one day after hatch with astrovirus inoculum 
made from intestinal tracts as described above in virus 
inoculum. Sera were collected 3 to 4 weeks after the initial 
inoculation and evaluated by immune electron microscopy for 
the presence of antibody. 
Bacteriology 
Cloacal swabs were taken from all poults to check for 
enteropathogenic bacterial infections. 
Intestinal disaccharidase and protein concentration 
Poults were anesthetized by intraperitoneal or intravenous 
route, with 5% sodium pentobarbital (Nembutal, Abbott 
Laboratories, N. Chicago, ILL) The intestinal tract was 
exteriorized and removed immediately and flushed with cold 
saline solution. The intestinal tract was divided into four 
segments, duodenum (from the curve of the duodenal loop to the 
pancreo-biliary ducts), proximal jejunum (from the pancreo-
biliary ducts to the yolk stalk), distal jejunum ( distal from 
the yolk stalk to 2 centimeters proximal to the cecal tips) 
and ileum (remainder of the small intestine terminating at the 
ileo-cecal junction). The intestinal contents and ceca were 
reserved for immune electron microscopy. 
The intestinal segments were opened longitudinally, minced 
and placed in pre-weighed vials. The vials were immediately 
frozen in liquid nitrogen to preserve enzymes. Net weights of 
the samples were recorded and samples were kept at -20® C 
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until analyzed. Just prior to analysis, intestinal samples 
were thawed and homogenized with quantities of cold deionized 
water to yield a final concentration of 50 mg mucosa per ml of 
homogenate. A VirTis Hi-Speed 23 homogenizer (VirTis Company, 
Gardiner,NY) was used for homogenization at a speed setting of 
30 to 50% (moderate) for 30 to 60 seconds. Aliquots of the 
homogenates were saved to determine protein concentration by 
Lowry method and maltase activity. 
Briefly, the latter procedure involved the incubation of a 
homogenate subsample in a ,.056 M solution of maltose at 37®c. 
Next the glucose released by maltase's action on the substrate 
was oxidized with glucose oxidase to allow coupling to 
dianisidine. The amount of glucose was then measured 
spectrophotometrically. Measurements were corrected as needed 
for initial glucose contained in homogenates and for glucose 
detected in the substrate. The specific activity of maltase 
was expressed in units defined as micromoles of substrate 
hydrolyzed per milligram of mucosal protein per hourf^M 
substrate/mg mucosal protein/hr). 
Experimental design 
Experiment 1: Poults were randomly divided into two groups 
of equal number and placed in separate sterile isolators. One 
group was inoculated orally with a bacteria-free preparation 
containing only astrovirus, as previously determined by immune 
electron microscopy. The second group of poults served as 
controls and were not inoculated. Poults were observed twice 
daily for clinical signs of disease. Sequential collections 
were made on 0,5, 1, 3 and 7 days after inoculation. Three 
poults were taken from each group at each collection time. 
The small intestine and its contents were evaluated by 
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intestinal disaccharidase analysis and immune electron 
microscopy. A total of 24 birds were evaluated. 
Experiment 2; The second experiment differed from the first 
only in collection times. Collections were made from each 
group at 7, 10 and 14 days after inoculation. A total of 18 
birds were utilized. 
Data were analyzed statistically by analysis of variance 
(ANOVA) for a completely randomized design. 
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RESULTS 
Clinical signs and gross lesions were first noted 2 days 
post inoculation and persisted through 10 days. Similar 
clinical signs and gross lesions were noted in astrovirus 
inoculated poults in both experiments. The predominant 
clinical sign was diarrhea. Gross lesions included dilatated 
ceca containing light yellow to tan fluid to semi-solid feces 
and gas, variable hyperemia of the intestinal mucosa and 
thinning or loss of intestinal tone of the jejunal and ileal 
intestinal walls. 
Cultures failed to isolate Salmonella species from control 
or inoculated poults. Astrovirus was found by IEM in pooled 
intestinal samples from inoculated poults, but not in control 
poults. No other viruses or recognized enteropathogens were 
detected by during evaluation by immune electron microscopy in 
either inoculated or control birds. 
The specific maltase activity levels of each small 
intestinal section are summarized in figures 1 and 2. Control 
poults had the highest specific maltase levels in the proximal 
jejunum and the lowest in the ileum regardless of age. In 
both experiments, the specific maltase activity levels of 
inoculated poults were significantly (P<.05) lower than the 
controls in all sections of the small intestine on days 3 and 
7 post inoculation. No significant differences (P>.05) were 
detected between control and inoculated poults on day 10 post 
inoculation, but on day 14 specific maltase activity in 
inoculated poults was significantly (P<.05) increased in all 
sections of the small intestine except the proximal jejunum. 
The protein concentration of the intestinal mucosa did not 
differ (P>.05) between controls and inoculated poults, with 
one exception in experiment 2. The protein concentration of 
the duodenal mucosa in experiment 2 was significantly lower 
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(P<.05) in astrovirus inoculated poults on day 10 post 
inoculation. 
Fig. la: Specific maltase activity (SNA) of the duodenum in 
control and inoculated poults at 0.5, 1, 3 and 7 
days post inoculation. Error bars = S.E. of mean. 
*P<0.05. Experiment l 
Fig. lb: Specific maltase activity (SNA) of the proximal 
jejunum in control and inoculated poults at 0.5, l, 
3 and 7 days post inoculation. Error bars = S.E. of 
mean. *P<0.05. Experiment l 
76 
Duodenum 
control-a 
astro-a 
1 3 
Post-inoculation day 
B 
I § 
#1 
I 
I 
40 
30 
20 
10 
Proximal jejunum 
control b 
astro-b 
0.5 1 3 
Post-inoculation day 
Fig. le: Specific maltase activity (SMA) of the distal 
jejunum in control and inoculated poults at 0.5, 1, 
3 and 7 days post inoculation. Error bars = S.E. of 
mean. *P<0.05. Experiment 1 
Fig. Id: Specific maltase activity (SMA) of the ileum in 
control and inoculated poults at 0.5, 1, 3 and 7 
days post inoculation. Error bars = S.E. of mean. 
*P<0.05. Experiment 1 
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Fig. 2a: Specific maltase activity (SMA) of the duodenum in 
control and inoculated poults at 7, 10 and 14 days 
post inoculation. Error bars = S.E. of mean. 
*P<0.05. Experiment 2 
Fig. 2b; Specific maltase activity (SMA) of the proximal 
jejunum in control and inoculated poults at 7, 10 
and 14 days post inoculation. Error bars = S.E. of 
mean. *P<0.05. Experiment 2 
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Fig. 2c: Specific maltase activity (SMA) of the distal 
jejunum in control and inoculated poults at 7, 10 
and 14 days post inoculation. Error bars = S.E. of 
mean. *P<0.05. Experiment 2 
Fig. 2d; Specific maltase activity (SMA) of the ileum in 
control and inoculated poults at 7, 10 and 14 days 
post inoculation. Error bars = S.E. of mean. 
*P<0.05. Experiment 2 
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DISCUSSION 
These experiments were designed to determine the effect of 
astroviral infection has on membrane-bound disaccharidases in 
the microvilli of the small intestine of hatchling turkey 
poults. To the author's knowledge there has not been any 
previous research documenting intestinal mucosal 
disaccharidase activity in astrovirus infected commercial 
turkey poults. Experimental astrovirus inoculation of 
hatchling turkey poults resulted in significant reduction of 
specific maltase activity throughout the entire small 
intestine. Disaccharidase activity decreased initially at 3 
days PI and remained low until day 10 PI. These findings 
coincide with initial reductions (day 3 PI) in both average 
body weights and 90-minute D-xylose absorption values in 
astrovirus infected SPF poults reported by Reynolds et al.* 
Additionally, the current research revealed that 
disaccharidase levels in inoculated poults did not differ 
(P>.05) from the controls by day 10 post inoculation. 
Disaccharidase levels seemed to follow a similar trend as seen 
with D-xylose absorption in astrovirus infected SPF poults.* 
No significant difference occurred in D-xylose absorption in 
infected SPF poults on days 9 and 13 post inoculation. These 
results suggest a transient period of maldigestion occurs 
concurrently with malabsorption and in combination, the two 
produce the diarrheic condition and resultant decreased weight 
gain. It is interesting to note on day 14 post inoculation 
that specific maltase activity was significantly greater 
(P<.05) in inoculated poults than in controls. This finding 
appears to demonstrate a "hyperegenerative" nature of the 
disaccharidase activity. An earlier study of intestinal 
coccidiosis in chickens, Michael defined the 
"hyperegenerative" nature of small intestine based on patterns 
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of histochemical staining specific for various intracellular 
and extracellular enzymes.® Another noteworthy observation by 
Michael was the rapidity of recovery in the avian intestine. 
Michael noted that the enzymes returned to normal or higher 
levels before normal mucosal structure was regained. Our 
observations concur with this rapid recovery of the intestinal 
mucosa as evidenced by the return to normal enzyme levels in 
astrovirus inoculated poults 10 days after inoculation. 
Clinical signs and post-mortem lesions were consistent with 
those seen in astrovirus infected SPF poults.® The 
pathogenesis of the diarrheic condition seen with astroviral 
infection is most easily explained by the production of a 
disaccharidase deficiency in addition to the concurrent 
malabsorption within the small intestine. A deficit in a 
particular disaccharidase results in osmotic diarrhea when the 
corresponding disaccharide is administered.The specific 
deficit may be related to the site of viral replication, if a 
villus to crypt gradient for individual disaccharidases exists 
in turkeys as established in studies on adult rats.* Maximum 
activity levels for various disaccharidases in adult rats are 
directly related to the site of the enzyme on the villus-crypt 
unit. 
Maltase activity documented in control poults in the current 
study was from 50 to 75% higher than normal levels previously 
reported by Sell et al in turkey poults.Sell et al noted 
disaccharidase activity was related to location in the small 
intestine, age and diet of the poult. The higher activity 
levels we noted can be explained, in part, simply by 
differences in our defined sample sites in the small 
intestine. Dietary differences may also have contributed to 
the discrepancies in disaccharidase levels. Maltase activity 
in controls was greatest in the proximal jejunum, regardless 
of age, in agreement with results reported by Sell et al.^^ 
85 
This study documents for the first time that astroviral 
infection causes significant enteric disease by interfering 
with disaccharidase activity even though it causes only subtle 
microscopic lesions (see Part I). 
It is unusual for astrovirus to occur as the sole enteric 
virus in diarrheic poults. Consequently, the manifestation of 
enteric disease may be altered by concurrent infection with 
other enteric viruses. Rotavirus group D is the enteric virus 
most frequently identified in combination with astrovirus in 
fecal samples taken from diseased flocks aged 1 to 4 weeks 
old.io Therefore, further studies should examine the effect 
of rotavirus group D alone and in combination with astrovirus 
to delineate the role of rotavirus group D as an 
enteropathogen in hatchling turkey poults. 
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ABSTRACT 
The lectin-binding affinities of the glycocalyx were 
investigated in formalin-fixed duodenum, proximal jejunum and 
ileum from turkey poults aged 5 to 21 days old. Fifteen 
lectins representing four lectin groups were used by direct 
biotin-strep-avidin technique. There was no discrete 
definitive binding of the glycocalyx with any lectin, 
regardless of regional location or age. Only one N-acetyl-
galactosamine/galactose-binding lectin, Ricinus communis I 
(RCA), was reactive with the glycocalyx, but results were not 
repeatable. Most lectins from the N-
acetylgalactosamine/galactose group were inconsistently 
reactive with duodenal and jejunal luminal surfaces from days 
9 to 18 post hatch. Griffonia(bandeiraea) simplicifolia I 
(BSL-I) and Glycin maximus (SEA) resulted in nonspecific 
intraepithelial reactivity in all sections from poults 7 to 18 
days of age. Canavalia ensiformis (Con A), a mannose/glucose 
binding lectin, produced variable binding of the duodenal 
luminal surface at 21 days of age. One N-acetylglucosamine-
binding lectin, Triticum vulgare (WGA) reacted with goblet 
cells and connective tissue in all intestinal sections from 5 
to 7 days post hatch. The L-fucose-binding lectin, in 
addition to several other lectins, stained the small intestine 
nonspecifically or not at all. The small intestine of young 
turkey poults does not have a definitive histochemical lectin-
binding pattern based on specific materials and methods used 
in this study. 
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LITERATURE REVIEW 
Glycosylation of proteins to form glycoproteins is an 
important determinant of both structural and functional 
properties of proteins. The carbohydrate moieties or binding 
sites may be found on the extracellular, intramembranous or 
intracytoplasmic domains of the glycoprotein.They 
function as markers of cell to cell recognition, receptors, 
links, transport molecules, or structural components of the 
cell membrane.23 Carbohydrate moieties on the extracellular 
surface of integral membrane proteins comprise the cell's 
glycocalyx and are available for lectin binding. Lectin 
receptors are exclusively found on the outer surface of both 
intact cells and isolated membranes from animals. 
Lectins are a unique group of naturally occurring 
carbohydrate-binding proteins of nonimmune origin that 
agglutinate cells or precipitate polysaccharides or 
glycoconjugates.7 Individual lectins have a high degree of 
specificity for certain carbohydrate moieties. The sugar 
specificity of lectins is usually defined in terms of the 
monosaccharide(s) that inhibits lectin-induced agglutination 
or precipitation reactions.There are numerous lectins 
which are subdivided into five groups based on their 
preferential binding to D-pyranose sugars. These include the 
mannose/glucose-binding lectins, the N-acetylgalactosamine/ 
galactose-binding lectins, the N-acetylglucosamine-binding 
lectins, the L-fucose-binding lectins, and sialic acid-binding 
lectins.®'Labeling lectins with various histochemical 
markers utilizes the lectin's highly specific carbohydrate 
binding capacity to localize glycoconjugates in tissue 
sections.3 
There are several important factors to consider in the 
development of a histochemical procedure for lectin binding. 
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These factors primarily involve methods of tissue sampling, 
fixation, processing and incubation procedures. Finally, 
there may be innate differences in the specific tissue and/or 
species of origin which may complicate the application of 
techniques.27 There is still considerable confusion with 
respect to the method of choice for tissue sampling and 
fixation that will produce optimal lectin reactivity. 
Although, the use of frozen, unfixed tissue is often the 
preferred method for original investigation of a tissue, Mason 
et al.,27 reported that frozen, acetone fixed sections 
produced darker, more discrete binding with the same lectin 
reactivity pattern. However, cellular morphology and detail 
are better preserved in paraffin embedded sections than 
cryostat sections, whether fixed or unfixed.2* Moreover, 
Kuhlmann recommended the use of both cryostat and paraffin 
sections for comparison at beginning of experimentation. In 
contrast, Vecchi et al did not see significant differences in 
lectin binding between formalin fixed and freon-frozen jejunal 
sections, although the preservation of tissues was better in 
formalin fixed sections, as expected.Comparable results 
were reported by Barresi et al using unfixed, frozen tissues 
or fixed (by one of three different fixatives) and paraffin 
embedded tissues.® Trypsinization of rodent tissue sections, 
prior to incubation with lectins, has been recommended in 3 
comparative studies to increase reactivity.^2/24,27 
Cell surface molecules comprised of complex glycoproteins 
are reliable markers. Lectins have been utilized extensively 
as histochemical probes to identify and characterize these 
macromolecules in situ.^7»20,26,28,31,32 Lectins have been used 
as specific probes in identification of the stage of cell 
differentiation and maturation. 10-^2 intestinal epithelium 
is an ideal system for studying cellular differentiation 
because of the inherent spatial segregation of the epithelial 
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cells according to their degree of differentiation.® The 
majority of lectin-binding studies in the intestine have been 
in mammals, there is only one report of a histochemical study 
in an avian species.% Consequently, results of investigations 
in other species are additionally reviewed for comparison. 
The avian study, used a genetically defined strain of chickens 
to evaluate the lectin-binding of the luminal surface of the 
intestine. Lens culinaris (LCA) produced the most significant 
binding pattern of the ten lectins evaluated. Although LCA 
was not reactive with the luminal surface of the intestine, it 
did react intensely in the cecum and produced light reactivity 
in the colon. Ricinus communis (RCA~I), Canavalin ensiformis 
(Con A), and Triticum vulgaris (WGA) were reactive throughout 
the luminal surface of the intestine, but Dolichos biflorus 
(DBA) did not. The conclusions, based on these results, were 
that the luminal surface is characterized by glycoconjugates 
with either N- or 0-linked glycoprotein, or both, with non-
reducing ^ -galactosyl and sialyl residues as the terminus. In 
comparison, the cecum was characterized by N-linked 
glycoproteins with an al,6-linked fucosyl residue near the 
glycosidic linkage. Lectin histochemical studies of the rat 
intestine identified differential lectin binding to the 
luminal surface of intestinal epithelial cells dependent on 
their site on the villus and region within the intestine.®'® 
Similar observations were noted in human jejunum specifically 
with Ricinus communis (RCA) and Ulex europaeus (UEA) 
Ricinus communis (RCA) and UEA binding sites were verified as 
structural glycoconjugates in microvilli by electron 
microscopy.33 Roy utilized neonatal and adult rabbits to 
document the precocious development of specific lectin 
receptors in dome epithelial cells (DE) of gut-associated 
lymphoid tissue compared to villous enterocytes.^* He 
suggested these results indicate a difference in the pattern 
95 
or maturation rate of epithelial differentiation in DE as 
compared to neighboring villus epithelium. Labeled lectins 
have also been used in comparative studies to identify or 
delineate differential lectin binding profiles in normal 
compared to diseased tissue. The lectin histochemical pattern 
of coeliac disease was documented by examining the lectin 
binding sites in the duodeno-jejunal mucosae from three 
different groups of children; those diagnosed with coeliac 
disease, postenteritis syndrome and normal.® Results from 
this study indicated positive reactivity with the brush border 
at the villous tip for Glycin maximus (SBA), DBA, and Con A; 
however, no reactivity occurs with WGA, LCA, nor Arachis 
hypogaea (PNA) in normal mucosae.® In contrast to normal 
mucosae, SBA reactivity was seen on the luminal crypt surface 
in coeliac mucosae with the intensity of reactivity 
dependent on the severity of villous damage.® Dolichos 
biflorus (DBA) reactivity also increases in coeliac mucosae to 
include binding with the luminal crypt surface. Mucosae from 
patients with coeliac disease or postenteritis syndrome had 
WGA reactivity in the brush border, enterocytes and luminal 
crypt surface. Therefore, Barresi et al concluded that new 
lectin binding sites become accessible in the pathological 
intestinal mucosae and expression of surface glycoconjugates 
varies from the actively proliferating crypt cells to the more 
mature villous enterocytes.® Despite continued research 
utilizing lectin histochemistry, the specific function and 
biological significance of the differential binding of most 
lectins to cell surface molecules is still unknown.* 
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INTRODUCTION 
The characterization of most enteropathogenic viruses is 
typically based on their regional and intestinal cell tropism, 
specifically, whether the primary site of viral replication is 
in crypt or villous enterocytes or intestinal lymphoid 
cells.30 There are no definite explanations to account for 
specific intestinal cell tropism, but some possibilities have 
been proposed. These include the requirement for rapidly 
proliferating cells or the presence of cell receptors and 
various enzymes within the brush borders of the enzymatically 
mature villous epithelial cells. The brush border or 
glycocalyx is the membrane associated complex of polysac­
charides, proteoglycans, glycolipids and glycoproteins which 
are anchored in the plasma membrane with their constituent 
o l i g o s a c c h a r i d e s  e x t e n d i n g  o u t s i d e  t h e  l i p i d  b a r r i e r . C e l l  
surface molecules composed of complex glycoproteins have many 
functions and may serve as receptors.These carbohydrate 
moieties on the extracellular surface of integral membrane 
proteins are available for lectin binding.^3 Lectin receptors 
are exclusively found on the outer surface of both intact 
cells and isolated membranes from animals.^5 Lectins have 
been utilized extensively as histochemical probes to identify 
and characterize these macromolecules in situ.i7'20'26,28,32 
Individual lectins have a high degree of specificity for 
certain carbohydrate moieties. Labeling lectins with various 
histochemical markers utilizes the lectin's highly specific 
carbohydrate binding capacity to localize glycoconjugates in 
tissue sections.3 One specific application of lectins as 
histochemical probes is in the identification of cell 
differentiation and maturation.The intestinal epithelium 
is an ideal system for studying cellular differentiation 
because of the spatial segregation of the epithelial cells 
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inherent in the crypt-villus unit.* Various studies have 
examined the differential binding of lectins in the intestinal 
tract in attempts to characterize the histochemical binding 
patterns.G'9'33 A recent histochemical study investigated the 
lectin-binding patterns of the luminal surface of the 
intestine of a genetically defined strain of chickens.^ Lens 
culinaris (LCA) produced the most significant binding pattern 
of the ten lectins evaluated. Although LCA did not react with 
the luminal surface of the intestine, it did bind intensely in 
the cecum and produced light reactivity in the colon. Ricinus 
communis (RCA-I), Con A, and WGA was reactive throughout the 
luminal surface of the intestine, but DBA did not. The 
conclusions based on these results, were that the luminal 
surface is characterized by glycoconjugates with either N- or 
0-linked glycoprotein, or both, with non-reducing ^-galactosyl 
and sialyl residues as the terminus. In comparison, the cecum 
was characterized by N-linked glycoproteins with an ol,6-
linked fucosyl residue near the glycosidic linkage. 
The histochemical binding pattern of lectins in the small 
intestine of turkeys has not been investigated. Establishment 
of the presence of specific lectin binding sites may further 
advocate the role of cell receptors in determining the 
specific regional and intestinal cell tropism of some enteric 
viruses. 
The objective of this study was to determine if a 
characteristic histochemical lectin-binding profile existed in 
the small intestine of turkey poults and document any 
variations associated with age of the poult and/or regional 
location within the small intestine. 
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MATERIALS AND METHODS 
Poults and housing 
Commercial turkey poults were obtained at hatch and placed 
in pre-sterilized incubators equipped with intake and exhaust 
air filters. Feed and water was given ad libitum. Room 
temperature was maintained at approximately 30° C. 
Tissue specimens 
Tissues utilized in this study were collected from poults 
used in control groups of other concurrent studies (see Part I 
Materials and methods). Tissues were fixed by infusion and 
immersion in 10% neutral buffered formalin (NBF) at time of 
excision. Tissues were fixed for 4 hours in 10% NBF before 
transferring to 70% ethanol. Three samples were collected and 
trimmed for routine processing; duodenum, proximal jejunum, 
and ileum. Cecal samples were included with the ileal 
section. Samples were processed by routine paraffin 
techniques. One representative cross section from each 
intestinal region was mounted per slide using poly-L-lysine. 
Lectin conjugates 
Four main groups of lectins were represented by fifteen 
different biotinylated lectins used in this study. The sialic 
acid-binding group was not evaluated. Biotinylated lectins 
were obtained from Vector laboratories (Burlingame, CA), their 
specificities, inhibitors, and concentrations are summarized 
in Tables la - ic. Stock solutions (2 mg/ml for group I, II 
and IV and 1 mg/ml for group III) were made of lyophilized 
biotinylated lectins by addition of water. 
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Monosaccharides 
D(+)Mannose, D-galactose (Gal), N-acetyl-D-glucosamine 
(GlcNAc), N-acetyl-D-galactosamine (GalNAc) and L-fucose (Fuc) 
were obtained from Sigma (St. Louis,MO) for inhibition of 
lectin binding (Tables la-c). 
Additional biochemicals 
Strep-avidin-peroxidase was purchased from Biogenics (San 
Ramon, CA), and Gill's hematoxylin from Fisher Scientific Co. 
(Pittsburgh, PA). 
Lectin staining 
Tissue sections were evaluated using 15 different 
biotinylated lectins and a direct Strep-avidin-peroxidase 
technique. Briefly, serial (3 um) sections were 
deparaffinized with xylene. Endogenous peroxidases were 
inhibited by 1 hour incubation at room temperature in absolute 
methanol containing 0.6% H2O2 and 0.074% HCL. Sections were 
rinsed with double distilled water and Tris solution 
containing Ca++ and Mg"*"*" (Tris buffer) . Non-specific 
reactivity was blocked by incubation with 1% bovine serum 
albumin in Tris buffer for ten minutes. Sections were then 
incubated for 1 hour at room temperature with a biotinylated 
lectin-tris buffer solution. Sections were rinsed in Tris 
buffer and then incubated for 40 minutes at room temperature 
with strep-avidin-peroxidase. AEC (3-amino-9-ethylcarbazole) 
was used as the visualant and sections were counterstained 
with Gill's hematoxylin. In order to establish the limits of 
detection of cell surface 
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Table la. Lectins used in the study 
Group I lectins 
Lectin Sugar Concen- Inhibi 
specificity® tration tory 
(ug/ml) sugar® 
Canavalia ensiformis a Man>a Glc> 10.00 a-D-MM 
(Con A) GlcNAc 200.00 
Lens culinaris (LCA) a Man>a Glc> 10.00 a-D-MM 
GlcNAc 
Pisum sativum (PEA) o-Man>aGlc= 10.00 a-D-MM 
GlcNAc 
Group II lectins 
Lectin Sugar 
specificity® 
Concen- Inhibi-
tration tory 
(ug/ml) sugar* 
Triticum vulgaris (WGA) 
Succinyl-WGA (S-WGA) 
GlcNAc ()91,4 
GlcNAc)2> 
)3GlcNAc> 
NeuNAc 
GlcNAc>(pi,4 
GlcNAc)2 
NeuNAc 
2.00 GlcNAc, 
2.50 SA 
5.00 
10.00 
200 .00  
200.00 GlcNAc, 
SA 
^Abbreviations used: a, alpha; beta; GlcNAc, N-Acetyl-
glucosamine; NeuNAc, N-Acetyl-neuraminic acid; GalNAc, N-
Acetylgalactosamine; Gal, Galactose; Man, Mannose; Glc, 
Glucose; -MM, -Methyl-Mannose; SA, Sialic Acid. 
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Table lb. Lectins used in the study 
Group III lectins 
Lectin Sugar 
specificity* 
Concen- Inhibi-
tration tory 
(ug/ml) sugar* 
Glycin maximus (SBA) 
Sophora japonica (SJA) 
Griffonia (bandeiraea) 
simplicifolia I (BSL-I) 
Arachis hypogaea (PNA) 
Ricinus communis J (RCA) 
Phaseolus vulgaris 
(erythroagglutinin) 
(PHA-E) 
Phaseolus vulgaris 
(leucoagglutinin) 
(PHA-L) 
Dolichos biflorus (DBA) 
Jacalin 
a and jSGalNAo 
a and /3 Gal 
a and GalNAO 
a and Gal 
a GalNAO 
a Gal 
Gal/91,3 GalNAO 
a and Gal 
)9 Gal>a Gal> 
GalNAc 
Gaipi,4GlcNAc 
pi,2Man 
Gal/31, 4G1CNAC 
pi,2Man 
a GalNAc 
Gal/31,3GalNAc 
>Gal 
1.25 
2.50 
5.00 
GalNAc 
5.00 GalNAc 
5.00 Gal, 
Lactose 
5.00 Gal, 
Lactose 
1.25 
2.50 
5.00 
Gal, 
Lactose 
5.00 GalNAc 
10.00 
5.00 GalNAc 
5.00 GalNAc 
100.00 GalNAc 
^Abbreviations used; a ,  alpha; / 3 ,  beta; GlcNAc, N-Acetyl-
glucosamine; NeuNAc, N-Acetyl-neuraminic acid; GalNAc, N-
Acetylgalactosamine; Gal, Galactose; Man, Mannose; Glc, 
Glucose; -MM, -Methyl-Mannose; SA, Sialic Acid. 
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Table le. Lectins used in the study 
Group IV lectins , 
Lectin Sugar Concen- Inhibi-
specificity* tration tory 
(ug/ml) sugar* 
Ulex europaeus I (UEA) o-L-Fucose 5.00 Fucose 
^Abbreviations used: a, alpha; beta; GlcNAc, N-Acetyl-
glucosamine; NeuNAc, N-Acetyl-neuraminic acid; GalNAc, N-
Acetylgalactosamine; Gal, Galactose; Man, Mannose; Glc, 
Glucose; -MM, -Methyl-Mannose; SA, Sialic acid. 
glycoconjugates serial dilutions of lectins were used (see 
Tables la -Ic for concentrations). Binding of lectins, seen 
as deposition of stain from AEC, was referred to as positive 
reactivity, binding or staining in this study. 
Controls 
Specificity of lectin binding was checked on serial sections 
by incubation, as previously described except each lectin was 
first diluted using a O.IM solution of its specific inhibitory 
sugar, incubated for 20 minutes and then was applied to the 
tissue section. 
Positive controls were incubated identically to experimental 
sections. 
Experimental design 
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Three sections (duodenum, proximal jejunum and ileum) of the 
small intestine were evaluated for lectin binding affinities 
from turkey poults of several different ages; 5, 7, 9, 11, 14, 
18 and 21 days post hatch. All three sections from one poult 
were contained on the same slide. One slide was included from 
each age group for each lectin. An additional slide was 
arbitrarily chosen from an age group to serve as a control for 
lectin specificity. Only limited positive controls were 
available, specifically WGA and SBA. 
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RESULTS 
Group I lectins 
Canavalia ensiformis (Con A) had nonspecific 
intraepithelial reactivity in the ileum and ceca of 9 day old 
poults. At three weeks of age Con A reacted variably with the 
luminal surface of duodenal villi and crypts in addition to 
nonspecific reactivity in the ileum. Pisum sativum (PEA) and 
LCA failed to react regardless of the age of the poult or site 
within the small intestine. 
Group II lectins 
Only goblet cells and connective tissue were reactive with 
WGA. Tissue sections were not reactive with S-WGA. 
Group III lectins 
The glycocalyx and goblet cells of the small intestine were 
inconsistently reactive with RCA in poults 5 to 18 days of 
age. All sections from the small intestine had slight 
positive reactivity with the glycocalyx in 7 to 18 day old 
poults. An exception occurred at 14 days when no RCA 
reactivity was noted in the ileal glycocalyx. Subsequent 
incubations failed to reproduce RCA reactivity consistent with 
initial results. 
Phaseolus vulgaris (erythroagglutinin) (PHA-E), jacalin and 
PNA had variable and inconsistent reactivity with villi and 
crypts in the small intestine in all ages of poults. The 
luminal surface of the duodenal and jejunal villi (sides) and 
crypts inconsistently reactive with PHA-E in 9 day old poults. 
By 18 days of age, only some of the jejunal villi were 
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slightly reactive with PHA-E. Jacalin inconsistently bound to 
the luminal surface of duodenal and jejunal villi and/or 
crypts from 9 to 14 day old poults. The goblet cells were 
reactive with PNA throughout most of the small intestine in 
poults aged 9 to 18 days. Slight reactivity was seen with 
PNA in the duodenal crypts from 9 to 18 days of age and 
additionally in the jejunal crypts on 14 and 18 days of age. 
Griffonia (bandeiraea) simplicifolia I (BSL-I) and SBA were 
similar in reactivity. Both lectins had variable and 
inconsistent intraepithelial reactivity throughout the entire 
small intestine from 7 to 18 days of age. The remaining 3 
lectins in group III, SJA, DBA, and PHA-L did not bind the 
luminal surface of the small intestine in the ages examined, 
7, 5 to 11, and 5 to 18 days old, respectively. 
Group IV lectins 
Variable and inconsistent UEA reactivity was noted in the 
lamina propria of the small intestine in 9 to 14 day old 
poults. 
Controls 
Triticum vulgaris (WGA)-positive control tissue, turkey 
lung, reacted with air atria and air capillary epithelial 
cells as expected. The positive control for SBA, also turkey 
lung, bound to the apical surface of cells lining air atria as 
expected. Inhibitory sugars blocked or considerably reduced 
reactivity in all control sections. 
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DISCUSSION 
This study was initiated because both cellular and regional 
differences in lectin binding to mammalian small intestinal 
e p i t h e l i a l  c e l l s  h a v e  b e e n  r e p o r t e d . T h e s e  
differences appear coincident with the differentiation of 
epithelial cells and regional variation in cellular 
carbohydrate components. Although, the avian intestinal tract 
is histologically less complex than the mammalian, it can be 
subdivided on the basis of size and function.^® Villi and 
crypts, generally decrease in length and depth, respectively, 
in the distal portions of the avian intestine. Since the 
inception of the current study, there has been one report 
describing the differential binding pattern of lectins in the 
intestine of chickens.% Comparison of our results with those 
reported in chickens was made due to the lack of directly 
related research. Similarities between turkey and chicken 
lectin affinities of the luminal intestinal surface were noted 
for several lectins, including RCA, Con A, DBA, and UEA. 
Ricinus communis (RCA) was the only lectin in our study that 
had any significant reactivity with the glycocalyx of the 15 
lectins evaluated. The entire luminal surface of the small 
intestine was variably reactive in turkeys aged 5 to 18 days, 
while in chickens, binding varied from light to intense and 
extended through the entire intestinal tract. . Additionally, 
the goblet cells in turkeys reacted with RCA. The lack of 
reproducible results with RCA may relate to a diminished 
activity level of the lectin used in the repeat incubation. 
The luminal surface of duodenal villi and crypts in 3 week old 
poults, was variably reactive with Con A, but in chickens, 
light to intense reactivity was described throughout the 
entire intestine. Both DBA and UEA failed to react with the 
small intestine of poults 5 to 11 and 9 to 14 days old. 
107 
respectively. Chickens also had no reactivity in the small 
intestine with DBA and UEA-I although, the large intestine 
reacted slightly to moderately with UEA-I in some birds. In 
deference to results seen in chickens, EGA and S-WGA did not 
bind at all and WGA inconsistently bound goblet cells and 
connective tissue in turkeys. As mentioned previously, the 
most significant differential lectin reactivity in chickens 
was seen with LCA, which reacted intensely in the large 
intestine, but not at all in the small intestine. Both WGA 
and S-WGA produced positive reactivity in chickens, but 
reactive sites varied by intestinal section and in the case of 
S-WGA also by bird. Griffonia (bandeiraea) simplicifolia I 
(BSL-I or GS-I) and SBA had inconsistent intraepithelial 
reactivity in turkeys, in contrast to luminal surface binding 
in chickens which varied by section and bird. The duodenum 
was not reactive with SBA in any of the chickens. The luminal 
surface of the duodenal and/or jejunal crypts and goblet cells 
and lacteals in all sections reacted inconsistently with PNA 
in turkeys 9 to 18 days old. In chickens, variable PNA 
reactivity occurred throughout the entire intestine. 
There are several factors which may contribute to the 
discrepancies seen in lectin affinities between our study in 
turkeys and the prior report in chickens. The first is simply 
the possibility of innate species differences between turkeys 
and chickens, in addition to those associated with the inbred 
line of the chickens used. Comparative studies of lectin 
binding in the kidney from multiple species demonstrated that 
similarities in glycosylation exist across a wide variety of 
species and also that strict species-specific modifications of 
common glycoconjugates occur.Age differences should also 
be considered, because of the disparity in age of the turkeys, 
5 to 21 days in the current study, versus the chickens which 
were 8 weeks old. The present investigation also lacked 
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sufficient numbers of birds to adequately evaluate lectin 
reactivity especially with the variable and inconsistent 
lectin binding seen within and between age groups and small 
intestinal sections. Variation in procedures, including the 
method of tissue fixation, processing and incubation procedure 
may also be responsible for differences seen in the lectin 
reactivity.in the current study, we utilized tissues 
previously collected for routine light microscopic examination 
in Part I. Therefore, the method of tissue fixation for 
lectin binding was predicated by methods used in Part I. 
There is still considerable confusion with respect to the 
method of choice for tissue sampling and fixation that will 
produce optimal lectin reactivity. Although, the use of 
frozen, unfixed tissue is often the preferred method for 
original investigation of a tissue. Mason et al.,2? reported 
that frozen, acetone fixed sections produced darker, more 
discrete binding with the same lectin reactivity pattern. 
Furthermore, they noted in some cases lectin binding in frozen 
sections was diminished or absent in formalin fixed, embedded 
tissue. However, cellular morphology and detail are better 
preserved in paraffin embedded sections than cryostat 
sections, whether fixed or unfixed.2* Finally, Kuhlmann 
recommended the use of both cryostat and paraffin sections for 
comparison at beginning of experimentation. In contrast, 
Vecchi et al did not see significant differences in lectin 
binding between formalin fixed and freon-frozen jejunal 
sections, although the preservation of fixed tissues was 
better in formalin fixed sections, as expected.^3 Comparable 
results were reported by Barresi et al using unfixed, frozen 
tissues or fixed (by one of three different fixatives) and 
paraffin embedded tissues.^ The use of controlled proteolytic 
digestion of tissue sections prior to incubation with lectins 
has been recommended to 'unmask' sugar residues that may have 
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been rendered inaccessible for lectin binding during tissue 
fixation or processing.Trypsinization of rodent 
tissue sections, prior to incubation with lectins, has been 
recommended in three comparative studies to increase 
reactivity.27 One major disadvantage of proteolytic pre-
treatment of tissue sections is that the enzymatic action may 
also remove some lectin acceptor sites.2% The pretreatment of 
tissue sections with swine serum has been shown to block the 
reactivity of some lectins.Consequently, use of BSA prior 
to incubation with the lectin in our procedure, may have 
competitively inhibited lectin binding to tissue sugars. 
In conclusion, the study reported here failed to 
conclusively identify a definitive differential lectin binding 
pattern in the small intestine of hatchling turkey poults. 
Recommendations for further studies would be 1) increase 
numbers of birds used, particularly if several age groups are 
examined, 2) use frozen, unfixed samples, in addition to 
formalin fixed, paraffin embedded samples 3) modify pre­
incubation procedure, omitting bovine serum albumin and /or 
adding trypsinization of tissue sections, if the same 
inconsistencies are seen with increased sample size, 3) 
alternatively examine lectin binding in SPF poults, either 
alone, or in comparison to commercial poults, and 4) use known 
positive controls to ensure the reproducibility of the 
histochemical procedure for each lectin. 
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GENERAL DISCUSSION AND SUMMARY 
Studies reported in Parts I and II demonstrated that turkey 
astrovirus is pathogenic to commercial hatchling poults. 
These studies represent the first report of histopathologic, 
morphometric, and ultrastructural findings, in addition to, 
intestinal mucosal disaccharidase activity associated with 
astroviral infection in hatchling turkey poults. General 
comparisons were made to results reported in a single study 
that examined experimental, astroviral infections in SPF 
turkeys.35 Comparisons were also made with results from 
studies in other species because of limited information on 
astroviral infection in turkeys. 
The clinical signs and gross lesions were mild and similar 
to those observed in SPF poults.The similarity in the 
clinical signs, gross lesions, and their duration in SPF and 
commercial poults suggested that despite the high prevalence 
of astrovirus in commercial turkey flocks, there is no 
detectable modification in experimental astrovirus infection 
due to maternal-derived or acquired immunity in hatchling 
poults. This may be where the similarities end between SPF 
and commercial turkeys because other aspects of the current 
research have not been investigated before. 
Studies conducted in Part I provided the first evidence in 
explaining the pathogenesis of enteric disease associated with 
astrovirus infection in poults. The primary site of viral 
replication was in enterocytes on the sides or near the base 
of villi, but only a few scattered cells were infected. The 
region most extensively affected was the distal small 
intestine. Consequently, turkey astrovirus may be 
characterized as a type I enteropathogenic virus, along with 
human, ovine and porcine strains,3* based on its specific 
intestinal cell tropism and localization of infection in the 
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intestinal tract. In contrast to other type I 
enteropathogenic viruses, astrovirus in turkeys does not 
result in a significant cytolytic infection in villous 
enterocytes. This is evident because villous atrophy was not 
detected either histologically or morphometrically. 
Astrovirus infection is confined to a few, scattered 
absorptive enterocytes, which are rarely degenerate. 
Consequently, lateral movement of noninfected cells may 
compensate for the occasional degenerate one lost. A 
noteworthy observation was the presence of mild progressive 
crypt hyperplasia, evident on histological examination and 
verified as statistically significant increases in crypt depth 
and area by image analysis. Crypt hyperplasia may contribute 
to the general malaise of the infected poult by increasing the 
secretory capacity of the small intestine complicating any 
pre-existing dehydration or diarrhea. 
The mild enteric disease produced by astrovirus in turkeys 
is explained by the limited extent of vertical and 
longitudinal replication of the virus in the small intestine. 
The significance of vertical replication is based on 
H.W. Moon's observations,that relates the severity of 
enteric viral infections to the extent of viral replication 
that occurs vertically in enterocytes located on the sides and 
tips of villi. Enteric disease is usually transient and 
milder when replication is limited to the apical portion of 
the villus. Longitudinal replication refers to the specific 
region of the intestine in which viral replication occurs.3* 
Generally, mild enteric disease is seen with more localized 
sites of viral replication. Vertical replication of 
astrovirus is limited to the sides or near the base of villi, 
but only scattered cells are infected. Longitudinal 
replication is confined to the distal jejunum and ileum. 
There appears to be a gradient of viral susceptibility of 
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enterocytes, since both histologic and morphometric changes 
extend into the proximal small intestine, but viral particles 
were found only in the distal portion. Another consideration 
is the difference in the kinetics of enterocyte susceptibility 
in the distal jejunum versus the ileum. Astrovirus was 
identified as early as 2 days PI in the ileum, but not until 3 
days PI in the distal jejunum. Another factor that might 
influence enterocyte susceptibility is the presence or lack of 
appropriate viral receptors. Lastly, these findings may 
simply be a result of the small sample used to locate the 
virus by electron microscopy. Development of an 
immunohistochemical procedure, using a specific antibody 
against astrovirus, would not only alleviate the small sample 
size, but also increase the specificity and sensitivity in the 
identification of astrovirus in situ. 
Part II of these studies further delineated the pathogenic 
effects of astrovirus. A transient decrease in the activity 
of the intestinal mucosal disaccharidase, maltase, was 
documented throughout the entire small intestine. This result 
suggested that a transient period of maldigestion occurred 
concurrently with malabsorption,^® as previously reported in 
SPF poults. The maldigestion may be clinically manifested as 
a transient osmotic diarrhea when the disaccharide 
corresponding to the specific disaccharidase deficiency is 
encountered.40 The specific deficit produced may be related 
to the site of viral replication, if a villus to crypt 
gradient for individual disaccharidases exists in turkeys as 
established in studies on adult rats.® In adult rats, maximum 
activity levels for various disaccharidases are directly 
related to the site of the enzyme on the villus-crypt unit. 
Since astrovirus replicates in the villous enterocytes it may 
directly alter the site of maximal maltase activity. The 
combination of maldigestion and malabsorption could produce 
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the diarrheic condition and resultant decreased weight gain in 
astrovirus infected poults. 
In conclusion, turkey astrovirus alone is an enteropathogen 
in hatchling poults. Infection of commercial poults with 
astrovirus produces typical clinical signs and gross lesions 
associated with enteric disease. Only subtle 
histopathological changes are noted, yet significant and 
consistent morphometric changes are documented. Astrovirus 
replicates in villous enterocytes of the distal small 
intestine. Its primary pathogenic effect consists of a 
transient period of maldigestion in the small intestine 
without producing specific or distinct histopathologic 
lesions. 
The manifestation of astrovirus infection in natural as 
compared to experimental disease may differ because of the 
ability to control the level of stress and environmental 
conditions during experimentation. As mentioned previously, 
the most frequent viral combination in poults with clinical 
signs of enteritis is astrovirus and group D rotavirus.^® 
Therefore, further studies are needed to delineate the role of 
rotavirus group D as an enteropathogen, both alone and in 
combination with astrovirus in hatchling turkey poults. 
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APPENDIX: MORPHOMETRIC DATA FROM PART II 
Table la. Morphometric data from experiment 2 
Days Section Mean Villus Height (mm) Villus Area (mm)% 
PI® 
Control S.D.b Astro° S.D. Control S.D. Astro S.D. 
0.5 Duodenum 0.587 0.051 0.668 0.124 0.586 0.108 0.883 0.186 
Proximal 
jejunum 
0.443 0.033 0.301 0.095 0.516 0.035 0.335 0.091 
Distal 
jejunum 
0.266 0.032 0.331 0.027 0.321 0.049 0.397 0.074 
Ileum 0.190 0.014 0.294* 0.027 0.238 0.014 0.370* 0.046 
o
 
H
 Duodenum 0.657 0.112 0.693 0.132 0.790 0.124 0.801 0.159 
Proximal 
jejunum 
0.523 0.119 0.336 0.067 0.575 0.110 0.408 0.067 
Distal 
jejunum 
0.306 0.024 0.289 0.019 0.366 0.037 0.378 0.014 
Ileum 0.308 0.045 0.203 0.016 0.377 0.029 0.256* 0.010 
2.0 Duodenum 0.831 0.099 0.749 0.103 0.835 0.179 0.844 0.130 
Proximal 
jejunum 
0.506 0.067 0.453 0.077 0.511 0.070 0.530 0.113 
Distal 
jejunum 
0.334 0.034 0.381 0.059 0.369 0.055 0.458 0.089 
Ileum 0.282 0.044 0.312 0.044 0.332 0.063 0.383 0.064 
Days Section Mean Villus Height (mm) Villus Area (mm)^ 
pia 
Control S.D.b Astro^ S.D. Control S.D. Astro S.D. 
7.0 Duodenum 1.146 0.117 1.152 0.142 1.780 0.307 2.097 0.238 
Proximal 
jejunum 
0.618 0.032 0.571 0.158 1.028 0.197 1.217 0.367 
Distal 
jejunum 
0.380 0.060 0.383 0.070 0.544 0.094 0.533 0.169 
Ileum 0.421 0.033 0.433 0.058 0.781 0.116 0.966 0.206 
H
 
O
 
Duodenum 1.025 0.845 1.113 0.067 1.940 0.178 2.101 0.381 
Proximal 
jejunum 
0.688 0.030 1.081 0.038 1.283 0.088 1.965 0.045 
Distal 
jejunum 
0.567 0.133 0.720 0.075 1.086 0.234 1.062 0.410 
Ileum 0.504 0.115 0.617 0.168 0.934 0.160 0.927 0.045 
^PI = post inoculation 
bg.D. = standard deviation 
^Astro = astrovirus inoculated poults 
"significant at .05 level 
Table lb. Morphometric data from experiment 2 
Days Section Mean crypt depth (mm) Crypt area (mm) % 
pja 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
0.5 Duodenum 0.043 0.006 0.043 0.007 0.065 0.012 0.069 .016 
Proximal 
jejunum 
0.040 0.001 0.036 0.005 0.060 0.004 0.055 0.007 
Distal 
jejunum 
0.040 0.004 0.039 0.001 0.060 0.008 0.061 0.003 
Ileum 0.039 0.004 0.045 0.008 0.058 0.007 0.070 0.013 
1.0 Duodenum 0.043 0.005 0.039 0.008 0.067 0.012 0.060 0.014 
Proximal 
jejunum 
0.042 0.002 0.041 0.006 0.065 0.004 0.060 0.009 
Distal 
jejunum 
0.046 0.007 0.045 0.003 0.065 0.015 0.069 0.003 
Ileum 0.045 0.003 0.049 0.009 0.066 0.006 0.072 0.012 
to
 
o
 
Duodenum 0.045 0.013 0.062 0.010 0.069 0.020 0.085 0.013 
Proximal 
jejunum 
0.050 0.007 0.058 0.007 0.068 0.007 0.082 0.011 
Distal 
jejunum 
0.046 0.003 0.077 0.030 0.064 0.001 0.101 0.033 
Ileum 0.051 0.004 0.065 0.009 0.074 0.002 0.093 0.008 
Days Section Mean crypt depth (mm) Crypt area (mm)^ 
pia 
Control S.D.b Astro° S.D. Control S.D. Astro S.D. 
7.0 Duodenum 0.049 0.003 0.110 0.039 0.111 0.005 0.229 0.072 
Proximal 
jejunum 
0.055 0.006 0.130* 0.018 0.115 0.021 0.300* 0.044 
Distal 
jejunum 
0.096 0.011 0.195* 0.022 0.185 0.015 0.335 0.044 
Ileum 0.056 0.006 0.108* 0.013 0.114 0.011 0.260* 0.027 
14.0 Duodenum 0.058 0.010 0.066 0.002 0.131 0.024 0.153 0.001 
Proximal 
jejunum 
0.059 0.007 0.055 0.011 0.134 0.028 0.112 0.018 
Distal 
jejunum 
0.069 0.005 0.055 0.004 0.152 0.013 0.112 0.006 
Ileum 0.070 0.013 0.087 0.048 0.147 0.029 0.159 0.071 
®PI = post inoculation 
^S.D. = standard deviation 
*^Astro = astrovirus inoculated poults 
*Significant at .05 level 
Table le. Morphometric data from experiment 2 
Days Section Mean thickness submucosa/ Submucosal/muscularis 
PI® muscularis (mm) area (mm) ^ 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
0.5 Duodenum 0.129 0.041 0.142 0.021 0.137 0.049 0.151 0.052 
Proximal 
jejunum 
0.126 0.020 0.107 0.029 0.143 0.022 0.117 0.042 
Distal 
jejunum 
0.123 0.016 0.145 0.053 0.147 0.026 0.159 0.040 
Ileum 0.124 0.015 0.140 0.021 0.145 0.027 0.154 0.019 
o
 
H
 Duodenum 0.130 0.032 0.127 0.028 0.139 0.058 0.142 0.043 
Proximal 
jejunum 
0.151 0.030 0.133 0.030 0.157 0.033 0.149 0.019 
Distal 
jejunum 
0.152 0.033 0.128 0.010 0.143 0.028 0.154 0.009 
Ileum 0.153 0.011 0.137 0.028 0.161 0.034 0.145 0.017 
to
 
o
 
Duodenum 0,172 0.040 0.142 0.031 0.162 0.068 0.128 0.027 
Proximal 
jejunum 
0.157 0.029 0.146 0.016 0.118 0.041 0.124 0.009 
Distal 
jejunum 
0.130 0.011 0.167 0.039 0.122 0.017 0.141 0.033 
Days Section Mean thickness submucosa/ Submucosal/muscularis 
PI® muscularis (mm) area (mm) ^ 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
Ileum 0.145 0.016 0.160 0.026 0.151 0.030 0.153 0.019 
7.0 Duodenum 0.187 0.034 0.181 0.062 0.224 0.079 0.201 0.019 
Proximal 
jejunum 
0.136 0.032 0.180 0.049 0.172 0.066 0.232 0.017 
Distal 
jejunum 
0.163 0.036 0.160 0.005 0.115 0.020 0.113 0.030 
Ileum 0.186 0.045 0.183 0.025 0.236 0.032 0.318 0.044 
14.0 Duodenum 0.196 0.063 0.132 0.066 0.190 0.063 0.164 0.052 
Proximal 
jejunum 
0.178 0.022 0.172 0.001 0.203 0.009 0.171 0.020 
Distal 
jejunum 
0.230 0.028 0.157 0.020 0.211 0.011 0.135 0.005 
Ileum 0.273 0.029 0.240 0.019 0.242 0.079 0.206 0.006 
^PI = post inoculation 
^S.D. = standard deviation 
^Astro = astrovirus inoculated poults 
*Significant at .05 level 
Table 2a. Morphometric data from experiment 3 
Days Section Mean Villus Height (mm) Villus Area (mm)% 
pja 
Control S.D.b Astrof S.D. Control S.D. Astro S.D. 
If) o
 Duodenum 0.675 0.070 0.648 0.069 0.749 0.091 0.557* 0.099 
Proximal 
jejunum 
0.374 0.111 0.454 0.142 0.435 0.125 0.400 0.118 
Distal 
jejunum 
0.314 0.108 0.248 0.038 0.336 0.128 0.229 0.057 
Ileum 0.224 0.035 0.221 0.041 0.290 0.067 0.214 0.052 
O
 
H
 Duodenum 0.769 0.061 0.811 0.089 0.742 0.247 0.918 0.161 
Proximal 
jejunum 
0.408 0.061 0.389 0.060 0.431 0.091 0.384 0.090 
Distal 
jejunum 
0.329 0.048 0.260* 0.033 0.362 0.037 0.292 0.053 
Ileum 0.245 0.039 0.232 0.034 0.238 0.057 0.289 0.056 
3.0 Duodenum 0.823 0.085 0.787 0.150 0.895 0.089 0.879 0.255 
Proximal 
jejunum 
0.429 0.030 0.477 0.101 0.474 0.047 0.518 0.112 
Distal 
jejunum 
0.284 0.050 0.276 0.050 0.327 0.033 0.325 0.090 
Ileum 0.233 0.022 0.313* 0.037 0.278 0.049 0.367* 0.048 
Days Section Mean Villus Height (mm) Villus Area (mm)% 
PI* 
Control S.D.b Astro° S.D. Control S.D. Astro S.D. 
7.0 Duodenum 1.096 0.094 1.115 0.109 1.730 0.623 2.003 0.208 
Proximal 
jejunum 
0.620 0.075 0.583 0.112 1.003 0.158 1.078 0.267 
Distal 
jejunum 
0.385 0.043 0.402 0.086 0.634 0.185 0.755 0.195 
Ileum 0.357 0.133 0.310 0.048 0.405 0.189 0.469 0.097 
®PI = post inoculation 
^S.D. = standard deviation 
•^Astro = astrovirus inoculated poults 
*Significant at .05 level 
Table 2b. Morphometric data from experiment 3 
Days Section Mean crypt depth (mm) Crypt area (mm)^ 
pia 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
0.5 Duodenum 0.045 0.015 0.048 0.006 0.072 0.019 0.068 0.008 
Proximal 
jejunum 
0.042 0.005 0.044 0.005 0.065 0.007 0.058 0.004 
Distal 
jejunum 
0.041 0.004 0.047 0.006 0.063 0.004 0.061 0.011 
Ileum 0.045 0.003 0.043 0.008 0.069 0.007 0.056 0.012 
o
 
H
 Duodenum 0.049 0.006 0.045 0.005 0.079 0.013 0.073 0.011 
Proximal 
jejunum 
0.045 0.005 0.041 0.007 0.071 0.009 0.060 0.011 
Distal 
jejunum 
0.040 0.006 0.040 0.004 0.066 0.009 0.058 0.006 
Ileum 0.040 0.004 0.042 0.004 0.061 0.008 0.065 0.002 
3.0 Duodenum 0.045 0.006 0.050 0.011 0.076 0.010 0.083 0.018 
Proximal 
jejunum 
0.042 0.005 0.052 0.010 0.069 0.008 0.085 0.018 
Distal 
jejunum 
0.039 0.005 0.051* 0.007 0.064 0.008 0.082* 0.010 
Ileum 0.039 0.004 0.047* 0.006 0.065 0.008 0.076 0.011 
Days Section Mean crypt depth (mm) Crypt area (mm)^ 
pia 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
7.0 Duodenum 0.060 0.005 0.107* 0.013 0.134 0.026 0.229 0.031 
Proximal 
jejunum 
0.053 0.009 0.113* 0.033 0.116 0.024 0.241* 0.070 
Distal 
jejunum 
0.058 0.014 0.079* 0.018 0.112 0.033 0.170* 0.039 
Ileum 0.110 0.030 0.157 0.060 0.172 0.072 0.281 0.079 
®PI = post inoculation 
^S.D. = standard deviation 
^Astro = astrovirus inoculated poults 
*Significant at .05 level 
Table 2c. Morphometric data from experiment 3 
Days Section Mean thickness submucosa/ Submucosal/muscularis 
PI^ muscularis (mm) area (mm)^ 
Control S.D.b Astro® S.D. Control S.D. Astro S.D. 
0. 5 Duodenum 0.129 0.016 0.112 0.030 0.108 0.014 0.084* 0.018 
Proximal 
jejunum 
0.129 0.016 0.121 0.035 0.108 0.017 0.081* 0.015 
Distal 
jejunum 
0.110 0.016 0.117 0.024 0.087 0.024 0.065 0.020 
Ileum 0.141 0.019 0.129 0.041 0.124 0.028 0.068* 0.024 
1. 0 Duodenum 0.136 0.045 0.105 0.020 0.122 0.067 0.146 0.039 
Proximal 
jejunum 
0.114 0.023 0.093 0.031 0.106 0.026 0.104 0.024 
Distal 
jejunum 
0.127 0.015 0.085* 0.014 0.109 0.031 0.102 0.027 
Ileum 0.130 0.028 0.109 0.017 0.097 0.020 0.130 0.025 
3. 0 Duodenum 0.105 0.035 0.085 0.023 0.142 0.059 0.105 0.027 
Proximal 
jejunum 
0.102 0.027 0.110 0.042 0.136 0.043 0.126 0.045 
Distal 
jejunum 
0.085 0.007 0.114 0.020 0.096 0.012 0.121 0.025 
Days Section Mean thickness sxibmucosa/ Submucosal/muscularis 
PI^ muscularis (mm) area (mm) ^ 
Control S.D.b Astro° S.D. Control S.D. Astro S.D. 
Ileum 0.133 0.020 0.136 0.018 0.124 0.031 0.127 0.059 
7.0 Duodenum 0.152 0.026 0.158 0.032 0.208 0.065 0.211 0.043 
Proximal 0.166 0.027 0.151 0.051 0.210 0.075 0.216 0.074 
jejunum 
Distal 0.170 0.026 0.150 0.038 0.206 0.071 0.220 0.039 
jejunum 
Ileum 0.176 0.030 0.146 0.027 0.133 0.020 0.150 0.016 
^PI = post inoculation 
^S.D. = standard deviation 
°Astro = astrovirus inoculated poults 
*Significant at .05 level 
